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Editorial 


Why Should I Invest in AGU? 

This question Is addressed to three age groups within the 
AGU membership— the young, the middle age, and the 
■you're looking fine' group. For you, the reader, we give the 
responses. 

As a junior member of the society I note the excitement 
of the meetings, the Intensity of the discussion— especially 
In the lobbies, over coffee or with beer; and the high quality 
of papers in the journals. I know of no better place to ex- 
change Ideas with others from all parts of the country or 
even the world. AGU Is a scientific forum with geophysical 
dimensions. I applied for membership because 1 wanted to 
be a part of it, and I am looking forward to a full career In 
geophysics. I can see the pleasure and satisfaction my 
seniors are deriving from their careers. The AGU seems to 
be a common bond for them. Why should I Invest In AGU? 

I am planning for the future, and I expect AGU to be an im- 
portant part of my life. 

I have been a member of AGU for a little over 20 years. 
My enthusiasm for geophysics came from I GY, Vanguard, 
Mlnltrack, Mohole, World Wide Seismic Nets, and such. It 
seems a long time ago. With the scope of scientific knowl- 
edge doubling every 10 years, I would have been left far 
behind, essentially lost, without AGU to help keep me In- 
formed through Its journals and meetings— a key factor in 
my continuing education. I have been an educator, but now 
I am on the 'receiving' end In scholastic matters. As a man- 
ager, my primary concerns seem to be people and serv- 
ices, but the geophysical sciences and their applications to 
the solution of societal needs are the fundamentals we 
strive to convert to profit. I look forward to another 10 years 
with another ‘doubling.’ So why should I Invest In AGU? It 
is the same as ‘plowing profits back Into the firm.’ The divi- 
dends I return to AGU help to ensure that in 1991 the AGU 
will continue to be 'educating' me. The financial record of 
AGU over the past 60 years Is excellent. My support at this 
time Is one of the best Investments I can make. 

Membership and participation in the affairs of AGU have 
been a major part of my life In the profession I’ve followed 
for the last 40-plus years. I’ve found pleasure In my work 
and have enjoyed fhe associaflon with my colleagues, and 
even though in these later years I cannot attend as many 
of the meetings, I look forward to receiving the abstracts 
and reports of the advances In geophysics. I have been 
blessed to have lived in the 20th century. There have been 
ups and downs, but being in geophysics, the ups prevailed. 
Now l look at money market returns, conservative invest- 
ments. and discounts for senior citizens. So why should I 
Invest In AGU? To ensure that this generation and the ones 
to follow will have the same, or even greater, benefits. Con- 
tributing to an endowment sufficient to ensure an adequate 
reserve and supporting worthy programs in geophysics ex- 
emplifies unselfish cooperation, and to me, with my limited 
needs, these represent very sound ‘Investments.’ 

Charles A. Whitten 
Earl G. Droessler 
Co-Chairmen 
GIFT Steering Committee 
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Radioisotope Detection 
and Dating with 
Accelerators 

A. E. Litherland and J. C. Rucklidge 

University of Toronto 

Recent developments in mass spectrometry have made 
possible the direct detection ol many naturally occurring 
long-lived radioisotopes. Radioactive atoms are present at 
such low concentrations that the sensitivity of the mass spec- 
trometry has to be Increased to detect parts per quadrillion 
(10 15 ) in a sample. This sensitivity has been achieved, and 
some of the results taken at Rochester by the Rochester 
(University), Toronto (University), General lonex (Corpora- 
tion) collaboration are listed In the table. All the radioactive 
isotopes listed in the table are of Importance In geochrono- 
logy, and for 14 C and 3B CI, sensitivities better than parts 
per quadrillion (10 15 ) have already been reached. Early 
work on the stable isotopes of platinum has already 
reached below parts per billion (10 9 ). 

Mess Spectrometry of Rare Isotopes 



Half-Life, 
million years 

Sensitivity 

Reached 

,0 Be 

1.6 

7 ppq 

U C 

0.00057 

0.3 ppq 

28 Al 

0.72 

10 ppq 

3B Cl 

0.31 

0.2 ppq 

i»l 

16.0 

300 ppq 

PI 

stable 

10 ppt 


ppb, parts per billion (10*): ppt. parts per trillion ( 10'-): ppq, parts 
per quadrillion (10 IS ). 

These advances in mass spectrometry techniques, which 
represent a new frontier in geochronology and in secondary 
ion mass spectrometry (SIMS) ol minerals, are based on the 
following principles: 

1 . The rare radioactive atoms in a sample are counted 
instead of the particles emitted during their radioactive 
decay. 

2. High mass spectrometer resolution, and hence low 
mass spectrometer efficiency, is avoided by destroying com- 
pletely the interfering molecules. 

3. Interfering atoms with nearly the same mass (isobars) 
are eliminated if possible, and if necessary, by a number of 
techniques. 

The advantages of Ion counting can be illustrated by the 
detection of 14 C in the biosphere. The cosmic-ray-produced 
,4 C in contemporary biological carbon emits 1 5 beta rays per 
minute per gram. This beta ray counting rate, together with 
the known 5730-year half life of 14 C, requires the presence of 

6.5 x 10 10 14 C atoms per gram of carbon or about 1 part of 
14 C per trillion (10 ,a ) of ,a C. Clearly counting atoms is a po- 
tentially more sensitive technique than waiting patiently for 
the beta rays from radioactive decay. 

The counting of the ,4 C atoms or ions by mass spectrome- 
try is made difficult by the presence of large numbers of mole- 
cules such as 12 CH 2 and >8 CH, which have nearly the same 
mass as ,4 C. These molecules are readily destroyed after 
acceleration to a suitable velocity or energy. The hlgh-veloc- 
Ity molecules are readily dissociated In collisions with gas 
i atoms such as argon. For the dissociation to be compfete It I s 
necessary to use a velocity such that at (east three electrgns 
are removed from the molecule. Tills requires, In the case of 
carbon, an Ion energy of 2.6 MeV, which Is about 100 times 
as great as used in the conventional mass spectrometry. At 

2.6 MeV, 50% of the atoms become C 3 *, and no molecules 
are left to Interfere with the ,4 C +3 Ions. 

The Interfering ,4 N 43 Ions are most easily eliminated by us- 
ing negative Ions at the outset, as the N~ ion Is unstable, 
whereas the C~ ion is quite stable. This simple solution 
avoids the necessity of very high resolution mass spectrome- 
try or the use of more complicated and difficult schemes for 
distinguishing between the ,4 N and 14 C atoms. In addition the 
use of negative ionB simplifies the destruction of the mole- 
cules because a tandem accelerator can be used. In this type 
of accelerator the negative Ions are attracted toward a posi- 
tive electrode in which the electrons are removed to make 
positive Ions, and the molecules are dissociated. The positive 
ions are then accelerated to ground potential. In this way lhe 
negative and positive Ion mass speclrometers and Ion 
sources can all be conveniently near ground potential. 

The final atom counting Is usually done with detectors that 
measure the Ion energy, velocity, and rate of energy loss. 

The rate of energy loss measurement can also discriminate 
between light Ions, such as ,4 N and ,4 C, and aven M CI and 
3ss ( anc j go add confidence in the identification of the atoms 

of Interest. ■ . 

The apparatus used for ultrasensitive mass spectrometry 
at Rochester University is shown schematically In Figure 1 . It 
is normally used as an accelerator system for nuclear phys- 
ics studies, and II has been modified for mass apectrometrlc 
measurements. The negative Ions are generated by cesium 
sputtering from solid samples; and In the case of 14 C detec- 
tion mass 14 ibns are aeleoted by a mass spectrometer prior 
to Injection Into the 27-rmlong molecular disintegrator. Ion 
■ current rah. be measured by a removable Faraday cup (FC 1 ) 
Drior to Injection; the negative Ions are accelerated lo 8 MeV, 
: in this case, and are converted to C+ 4 Ions, which Is jusl as . 

effective In eliminating mqlecules as the conversion tp C 4 
: tons at lower energies; A becond mass specttdmetriq system 
- for the positive lons ls used to ellmlriate the molecular frag- 
: menta. Thls is followed by devices to measure the lime of 

■ fifght of the Ions, their energy, their rate of energy loss, If 

. ixtoblble.'arid^ finally to count the ions. i ■ . 
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Fig. 1 . The ion beam transport system of the tandem-accelera- 
tor- based ultrasensitive mass spectrometer at the University of 
Rochester is shown schematically, lon-beam-definlng apertures 
are designated AP, and Faraday cups for ion current measure- 
ments are designated FC. 


The pulse spectrum from lhe ion detector is shown In Fig- 
ure 2 for two samples of carbon. The top spectrum is from a 
carbon sample provided by the U.S. Geological Survey from 
wood burled by an eruption of Mt. Shasta, In California, 4600 
years ago, and the bottom spectrum is from graphite pre- 
pared from very old carbon. The change in lhe ,4 C counts is 
quite evident. The 14 C concentration In the graphite sample is 
less than about 0.3 ppq. The l3 C and ,2 C ton counts are due 
to molecular fragments, and they can bo eliminated com- 
pletely if an electrostatic analyzer Is used also. 

The procedure for evaluating isotope ratios is to measure 
the Ion currents of the ,2 C' 4 and 13 C ,a inFC2or ,2 C* 4 ton 
current in FC 1 and lhe ,4 C ,4 counting rate in the heavy ion 
detector. One microampere of singly charged ions is equiva- 
lent lo 6.25 ' 10 12 ions per second. 

The results from the measurements on some carbon sam- 
ples ol known age are shown in Figure 3. Those samples 
were provided by M. Rubin of the U.S. Geological Survey, 
and the logarithm of the measured counts of ,4 C per minute 
per microampere of U 'C~ current is plotted against the known 
age of the samples. As expected, the measurements lie on a 
straight line because of the exponential radioactive decay 
law. It is worth noting that the ,4 C concentration at 40.000 
years is about 1 part ,4 C per quadrillion of ‘-C or \ part in 
10 15 . 

The carbon samples used to obtain the data shown in Fig- 
ure 3 weighed about a milligram, and so for the 40,000-year- 
old sample one would expect one beta ray to be emitted per 
month. This dramatically Illustrates the increase in sensitivity 
resulting from atom counting. 

The maximum sensitivities achieved at Rochester for other 
long-lived radioactivities are shown in the table. Elsewhere, 
work on several of these radioisotopes has been extensive 
and will now be summarized. 

1 . ,0 Be has been extensively studied by G. Raisbeck el 
al. (Laboratoire Rene Bern as, Orsay, France) in samples of 
geophysical interest, such as ice from Antarctica, ocean wa- 
ter, rainwater, deep ocean sediment, and In manganese 
modules, by K. K. Turekian el al. (Yale University). The work 
by Raisbeck et al. was carried out by using positive tons and 
a cyclotron, with discrimination between ,0 8e and 1C B being 
achieved by range separation. 10 Be is particularly easy to ob- 
serve, and it is expected that negative ions and small In- 
expensive tandem accelerators about 2 m long will be quite 
sufficient for detection and measurement. 

2. Extensive work on ,4 C is taking place at many labora- 
tories . and three specialized machines, to be described later, 
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Ftg..2. The pulse spectra from the heavy fan detector shown.' in 
figure 1 1s displayed for a carbon sample from an eruption of' Mb ■!■ ■■ 
Shasta and from. graphffe. •• --.l-i?:*'- 
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,J?9 - 3 Tfl ° togarllhm of (he M C counting rate dlvfded by (he 
,on ,‘i u,ron! 01 ,ba ,Qn source is compared with I he known age 
of (ho mlirigram geological samples. 


aro under construction lo extend iho work At prosont (he ac- 
curacy of tho Isotope* ratio nioasuromonts is being pu9hod 
toward 1%. which isquito suitable for doling of small archae- 
ological samples. 


ological samples. “ a " arcnQ0 ' 

3 " h AI hag been doloclod at several Jobora lories. It Is 
worth nofing that th© separation of M Mgls fncllilalod by the 
instability of Mg and tho stability of Al . The dating of ocean 
sedrmoms and ice cores by measuring the ratio of 26 Al to 

ii . would bo independent of cosmic ray intensity 
fluctuations. is now a real possibility. ’ 

4 -Cl in groundwater and meloorillc samples has been 

extensively studied al Rochestor. In this rase it is. al present, 
nocessnry to purify tho samples carefully to romovo sulphur 
Inn« I? prosonco flf s ' which also forms negative 

ions r0at * V For,unnl01 /. 3G Ar does not form stable negative 

5 '‘ a l has been detected at Rochester by mass soec- 

f love| s down lo 300 ppq, and il is expeclad mat 
S * f ppq WlN presenl no problem in the future. 

0 J me,eQfl,es by cosmic rays and in the 
f ”J al by ,! ba spontaneous fission on ^U. The ratio 

observable GqUI ,brfUm * S n ° 3r ,0 ’ ' '■ which shou,d b ® easily 

anlLi/S 1 ? 0l ? t,y '® ,ab,e ls °topes of platinum have been ob- 


u 7 “ K umnm revei, ana in principle it 
should be possible to increase the sensitivity further. This es- 
ablishes the viability of studying heavy masses with Ion mi- 
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Wetlands May Clean Geothermal Water 


Demopment ol geothermal resources may help to ease 
b r Ul W3l0r quaNly P roblBms could result 
eSg T ■"* 8eo,hermal Wnes. Research by 

a niS, J? 9 Sh0WS ha man ' mad e wetlands may provide 

dlSP ? Sal sys,ern ,han d0 conventional 
ireaimenl and disposal methods. 

ril «»?r a ' Wa!er con,ains h, 9 h concentrations of 
^solved solfds and trace elements, including fluoride and 
bo on. whtch can be harmful to water quality and oraan- 

““J* ,hese hi 9h concentrations 7 only a Nmited 
number ol methods can be US€d {Q d|spose Qf 

^3?' J3 , ?: Thas l ® ,nc,ude Section wells, evaporation 
ponds, and disposal Into surface waterways 

treatment proposed by EG&G deposits the scant 
brine n a small artificial wetland planted with selocled 
aquatic plants such as cattails and duckweed These olanis 

ChBmiCn,s ,rom X accomZ to 

S^ b rSfi! C n- nrH S 6, ,ask man °9® r a* the research center al 
rtahn a Di RlVOr Geolherma ’ Experiment Site, near Malta 
mnJ««| P i an,S mUSl 150 harV09!ed regularly. he explained to 
provom decay and the ralnlroduction ol the cheS ta„ 
ho water It the plants wa.e burned as ™ 

w°. S W0 /" d eonTert 10 harmless hydrmwn fluoride 
a d would bo released Into the atmosphere, EQ&Q said 

tataiirV °' h0r chemlcal residues would be burled In 


A* Comet Halloy Approaches 


The earliosl probable recorded apparition ol the ennui 

year and conlmued through the year, and then aea n ta 
1682. 1759 1835-36. and I9<HM I. Seiw Si ^hlSt was 
a precise telescopic observation. As we approach the arri- 
val again of comet Halley in 1985. obeerv^ on ihe^aiSn- 
af scene are calculating the physical behavior u> be exoeci- 
ed. {The Comet Halley Handbook: An Observer's Quids 
Created tor the International Hatley Watch, D. K. Yeomans, 


croprobes such as osmium and rhenium Isotopes for dating 
ore minerals. 

The nuclear physics equipment at Rochester, which Is 
used for ultrasensitive mass spectrometry, Is unnecessarily 
large for many such applications. As mentioned earlier, Ion 
energies of about 3 MeV are required to ensure adequate 
efficiency for generating atoms with three electrons missing. 
Molecules with three electrons missing fragment very rapidly. 
As a result or the measurements at Rochester and Oxford 
universites, some relatively small tandem accelerators and 
their associated mass spectrometers have been designed so 
as to be applicable to a wide variety of ultrasensitive mea- 
surements. 

The complete ultrasensitive mass spectrometers being 
built by General lonex for the University of Arizona, Oxford 
University, and the University of Toronto occupy a space of 6 
x 14 m. and a plan view of the device Is shown In Figure 4. 
The system consists of a negative Ion mass spectrometer on 
the left, a 6-m-long molecular disintegrator, an electrostatic 
analyzer to remove molecular fragments, and a positive Ion 
mass spectrometer with a detector for Ion Identification and 
Ion counting. The first of these systems will be ready for test- 
ing soon. 

The system to be Installed at the University of Toronto 
should be In operation in May 1 981 , and It will be used for a 
variely of applications. 

1 . Archaeological and anthropological ,4 C dating of small 
samples up to about 60,000 years will be possible with accu- 
racies better than 1%, or 80 years for younger specimens. 

2. The 20 AI/ ,fl Be dating of sediments and Ice cores over 
the past 5 mllllonyeare Is being developed. 

3. 36 CI and *™l dating of groundwater will be of use In 
hydrogeological studies. 

4. The elimination of molecules should make SIMS 
studies o minerals easier, and studies with micron size 
oeams will undoubtedly be valuable. 

In conclusion, the future of this new frontier of geophysics 
and physics promises to be quite exciting. 
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A. E. Ulherland, F.R.S., Is a nuclear physicist who received his 
doctorate from the University of Liverpool, alter which he moved to 
Canada to work wllh Atomic Energy of Canada, Ltd., In Chalk River 

There, he measured the spina of nuclear states by observing the 

angular correlation of particles emerging from nuclear reactions In 
1966 he moved lo the Department of Physics, University of Toronto 
where he Is now university professor. Prior to his Involvement In the' 
accelerator-mass spectrometer work, he has concerned himself with 
ow-energy radiative capture In nuclear reactions, eleclrollaslonol 
light elements, and the development of damage track particle deleo 
tors. 
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| 1 1 c - Rucklldge Is a mineralogist who look his B.A. from Cam- 

Dndge University and his Ph.D. from Manchester University Altera 

89611 ln ««Jd physics al the University of Chicago, Identifying the 

Fig. 4. A plan of one version of the ultrasensitive mane Bna r mineral particles which form the nuclei of natural Ice crystals, hefce- 

nnT? Sen lnfl ,n var,QU 8 laboratories. Faraday cups, arides SfJL, 0 uae el6c * ron microprobe analytical melhods In geological 

SnrtL.i FC| and . ,he elac,rostatI c analyzer at the exit oHhSv^ ^^ Q xf Q I ^ nl ' fflI3l ^ n - 1 965 he contlnu edto.dflyglgpJfr 

tandelron or molecular disintegrator is labeled ES. The aeneratlnn ^ a r l jrn f[l atJ ° n and a PPiy mlcroanalytlcal techniques to natural male- 

voltmeter for the measurement of the high voltage Is deslcnaled 9 S!* 3 ,ha De Partmanl of Geology. University of Toronto, where ha 

QVM - 90 aQS ' 9nalad ,3no « Professor. His research has Included work on platinum rrfrer- 

aiization and details of the alteration processes In ultra mafic rocks 


SsKE SfSsr 

the comet was estlmainn tn h* ^l a . irTI0 ma Qnitud0 of 
rives in 1985 it will be hard tolS^ 6 ^ 8 " 26 ‘ When 11 ar- 
probably will only be observed bv fhL hS i aked ey0 and 
with telescopes or binoculars and kn^fw ^h° 8re 8qulpped 
observe. It will be necessary tn nhc ™ Wh8re and when ,0 

“ssaaSSSssSa 


a 0 rjf?T e and ^ art ^ wil1 occur on November 27, 1985. 
April 11, 1986, at minimum distances of 0.62 and 0-42 Au. 
Based on observations in years past, the comet's visual lal 
length appears to be longest after perihelion. 

Because of the unfavorable positions of the cornel with 
respect to the earth and the sun on a given date, the com- 
et s observability will depend on the observer's latitude. In 
general, better observing conditions for the Northern Hemi- 
sphere will be available for pre-perihellon positions of the 
comet, while the post-perihelion observations will be better 
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Fig. 2. Cornet Halley observing conditions In 1986 for observers located at 40°N latitude. Comet positions are given lor bealnnlno 
of morning astronomical tw light or end of evening astronomical twilight. Approximate total visual magNtudes are given in parentheses 
following dates. Viewing with binoculars and ideal observing conditions are assumed. P 


In the Southern Hemisphere. The following description of 
observing conditions for comet Halley In 1985-86 Is pro- 
vided in The Comet Halley Handbook: 

it is assumed that the comet will be visible to an ob- 
server if the comet is above, and the sun Is simulta- 
neously more than 18° below, the local horizon. This 
condition assures that the evening astronomical twilight 
h88 ended and morning astronomical twilight has not 
yet begun (i.e., the comet is seen In a dark sky). The 
lime Interval for which this condition holds is referred to 
as the number of available dark hours. Figure 1 Is a 
plot of the available dark hours vs. calendar date for 
an observer at 35° north and 35° south latitude. Also 
plotted In the figure Is the total apparent magnitude M i 
vs. calendar date. Figure 2 is a schematic representa- 
tion as to how comet Halley may appear on various 


Shuttle Project for Students 

Selection of 200 semifinalists has begun for the first na- 
tional Space Shuttle Student Involvement Project, a joint ef- 
fort of NASA and the National Science Teachers Associ- 
ation. The semi finalists are being selected from 1500 en- 
tries. 

Objective of the project is to stimulate study of science 
and technology In grades 9 through 12. Students compete 

0 develop payload experiments suitable for flight aboard 
tna shuttle. The 1500 entries, grouped Into 10 geographic 
areas, are being reviewed by interdisciplinary teams of 
teachers, scientists, and engineers. Twenty students from 
®ach region will be selected. Ten finalists will then be cho- 
sen on their scientific or engineering merit. The 10 national 
winners and their teachers will attend a special education 
conference late this summer at the Kennedy Space Center 
In Florida. 

A second contest will open In September, with selection 
of winners scheduled for May 1902. 3 

A'21 Compliance 

*" 21 is fhe number designation given to an OMB (Office 

01 Management and Budget) directive on cost accounting 
“universities and other institutions that receive federal re- 
mif rCh ? rant8 - Th,s circular lays down rules tor grants. It re- 
quires the accounting of a university researcher's work to 

mad ® 'n terms of actual time spent, or In terms of a 
vaguely defined percent of effort. 

Brhn! unlversit y professors realize that accountability Is 

“ally measured by a group of their pears— the group 
nrnl 0 i Ventual| y decldes whether or not to recommend ap- 
iar2, and ,undln 9 the next proposal or extension. Thus 
rac? S i [ esu, t a establish that a scientist has done his pro- 
RGsed job—not his hours (or '% effort’). The OMB accoun- 

the books to be kept In hours but will accept 
Parceni of effort reports. 

caiklS ? problem arose when OMB included a factor 
fMoar u 100% re P°rtlng requirement. This states that a 
(or JSff must accou nt for 100% of his professional time 
no, n ae P ara te categories, Including those portions 
J* ^ a research grant. The confirmation of 
fsaqnr l 88 C0nC8 P ts > such as percent of effort (would a pro- 
, e t0 accou nt for hla thoughts?), and Impossible 
elc jjf , 5? 8or8 often teach, do research, administrate, 
have lorfi hs 8ame tlm ®— and after normal working hours) 
ers vinih b 80rt of c y nlc al compliance by most research- 
duree , a ' dUe rospect to careful cost accounting proce- 
and hBM 8 Unlver ®lty professor the rules are meaningless, 
as remSM? 9 ths actlvlt y breakdowns often cannot be done 
D Alton n “tepKance becomes fabrication. According to 
ary of Ya,s University ( Physics Today, Febru- 

5Wara ihit .^ nivers,, y faculty are being forced to give an- 
ihev , y know are completely meaningless; In effect 
floes efi r?? aaked t0 tebricate a result, and this simply 

Qcvernmo) i he 0raln of most paoP 18 ■ ■ ■ The F aderal 
cause H^ n does not ow ri you 100% of your time just be- 

This 8Up P°rt some small fraction of your research.' 
apecliiBri ilv? 1 year ter implementation of the rules' 
activitv re™*’ 21 * As th a flow of paperwork ln : the form of 
Within ihi^i ?. 9 row8 i so does the cynicism and protest. 
c hlcaoolp,K onal Academy of Sciences, University of 
clrculafArt 8 te 0rnat lcs professor Saunders MacLane has 
has resoiuow? 10 ?, and ralI,ed protest. Now the Academy 
vea to disapprove of the accounting rules, Jt has, 


dates for observers located at the latitude of 40° north. 
The comet’s elevation above the local horizon and Its 
azimuth (degrees east of north) are given lor the var- 
ious dates. For each date, the comet's position Is given 
for the end of astronomical twilight, If the comet Is in 
the evening sky, or the beginning of astronomical twi- 
light If the comet Is In the morning sky. These positions 
correspond to times approximately 70-90 minutes after 
sunset or 70-90 minutes before sunrise. Very rough 
indications of the comet's tall length and orientation 
are given for a few representative dates, along with the 
comet's apparent total magnitude M, In parenthesis. 

Because the comet occurs once every 76 years, 
nearly everyone in recorded history has had the oppor- 
tunity to view It. It may be wise to start planning lor this 
once-in-a-lifetlme experience. 


been proposed that OMB table the new rules until the prob- 
lems can be addressed, and OMB, while not saying how 
liberal it will be in enforcing the rules, is taking steps to 
study the matter. Possibly other reporting methods can be 
devised, and evidently OMB Is open to suggestions. 

Most universities are going along with the A-21 rules, but 
the faculty are none too pleased with the procedures. In a 
few cases, OMB has allowed postponement ol compliance 
If alternatives can be suggested. Among the suggestions 
now being tested are those that set statistical samples 
among the faculty, relieving the rest of the grant-supported 
professors of the burden. This plan would appear to be an 
easement of the number of compliances only and not an 
easement of the rules for those sampled, who must report 
100% activity. Aside from the National Academy of Sci- 
ences, It appears that Yale University has been a 'center of 
antl-reportlng agitation' ( Physics Today v.s.), particularly by 
its president, A. Bartlett Glamatti, and by mathematics pro- 
fessor Serge Lang. Yale has been Invited by OMB to sug- 
gest alternatives In lime/effort reporting. Il seems that a 
move toward a kind of lock-fund concept, with reference lo 
salary-beneflts-overhsad may be occurring. The plan to test 
the notion of a statistical sample tor cost accounting may 
be tried at Stanford and other universities over the next 
year. Further modification of the guidelines to get around 
the requirement of reporting of an Investigator's total activi- 
ties would result In a more acceptable system — a system 
that university grants and contracts were designed for, as 
opposed to the profit-oriented contracts normally written for 
industrial research .— PMB 88 

NAS Forms Geological Sciences Board 

A new board to help guide geological research has been 
formed by the National Academy of Sciences' Assembly of 
Mathematical and Physical Sciences. The 15-member Geo- 
logical Sciences Board probably will hold Its first official 
meeting In April, according to board chairman William R. 
Dickinson of the University of Arizona. 

The board's formation was spurred by the lack of sys- 
tematic and continuous attention given lo geological sci- 
ences In the past and by the Increasing conlrlbutions geolo- 
gy makes to soclely, explained Joseph W. Berg, Jr„ execu- 
tive secretary of NAS' Office of Earth Sciences. The board 
is expected to fill a gap in NAS activities where disciplines 
such as hydrology, paleontology, and geological engineer- 
ing have not been represented, Dickinson added. These 
topics have been handled by ad hoc committees. 

What the Geophysics Research Board does for geophys- 
ics, the Geological Sciences Board will do for geology. The 
new board will review and'codrdlnate geological research, 
help to establish scientific policy, and recommend topics tor 
future research. The board will be an operating board. Berg 
said That Is, It will determine what geology problems de- 
mand attention and will push for action on those problems. 
However, the board can only recommend. . 

Topping the list of tasks to be tackled Is Ihe eslab Ish- 
ment-of a geologic mapping and data base, Berg said. This 
basic activity/ Is not complete despite efforts by the ll.S. 
Geological Survey, other boards, and ad hoc geolW com- 
mittees, he explained. That human beings constnfOt build- 
ings taller than the depths at which we know geological de- 
tallB iS'lnwngrubus,' commented Berg, . 

Other projects with high priority Include investigating 
problems of land use; Specifically tpe siting of dams;and 
nuclear powerplantsi atudying crustal structure and evoju- 


MARINE GEOPHYSICIST 


Salary: To S3B.88B 

Ref. No.: 81-NCRSO EMR-3 

Energy, Mines end Resources Canada 
Geological Survey of Canada 
Dartmouth, Nova Scotia 

The Atlantic Geoscience Centre ai Ihe Bedford Institute) 
has a vacancy for a scientist to conduct research program? 
related to geophysical ttudies of the oarth and its tectonic 
processes, particularly by thn development and testing of 
thaoraticel models and. whore such programs have specific 
application, to the practical consequonces ol continental 
margin development and its rosnurca potential. Whiln 
some research programs may ho totally independent, 
otlicrs must provido theoretical geophysical input to pro- 
grams already underway at the Atlantic Gnoscionco 
Centre; these aro directed toward invastigatinn of thu 
structure and origin of continentol margins off Eastern 
Canaria and tho Arctic, basin analysis and hydrocarbon 
inventory of Eastern Canada and quaternary marina 
geological processes. Experience as rolated to (he above is 
required. 

Qualifications 

Graduation with a Doctorate ilagroe or a lessor degree 
with research experience and productivity equivalent to 
a Doctorjie degree, from a recognized university, hi 
geophysics, ■leolnqv, physics, mai hematics or a related 
fiatrl. 

K.nowletlge ot English is essential 
Clear ancR Na : 110 322-013 

Additional job information is available by writing to the 
address below: 

Toute information relative a ce contours est dispomble en 
frangais et peut St re oblenue an ecrivant a I'adresse 
suivante 

How to apply 

Send your application form andfor resume to: 

J. Girling 

National Capital Region Staffing Office 
Public Service Com mini on of Canada 
L 'Esplanade Laurier, West To war 
Ottawa, Ontario K1A0M7 
Closing data: April 30, 19B1 

Phase quote the applicable /efe/ence number at alllimes. 


tlon; assessing mineral deposits; and suggesting the in- 
volvement of United States geologists In International proj- 
ects. 

Rotation of board members will follow that of other NAS 
boards. Members will be appointed to 3-year terms. Nomi- 
nations for replacements will be taken from academia, gov- 
ernment, industry, and professional societies. 

Approximately $125,000 will be required lo finance the 
new board, Berg said. Requests for funds have been made 
to various government agencies, Including the National Sci- 
ence Foundation and USGS . — BTS ® 


Menard Steps Down 

When a new administration lakes over In Washington, it 
is not unusual at all for top government officials to ba re- 
placed. The administration will be held responsible tor the 
success or failure of lha federal agencies, so it is logical for 
a new president, or his close advisors, to approve top-level 
staff. The level defined as 'high 1 has been extended, par- 
ticularly since the days of the Nixon administration, lo be- 
yond cabinet and department secretary, reaching broadly to 
within the structure of federal agencies. Ths U.S. Geologi- 
cal Survey remained unscathed by political appointments 
until 1977, when the Carter administration abruptly re- 
moved Vincent McKelvey from his position as director. 

Now, the Reagan administration has followed suit by termi- 
nating the appointment of H. William Menard, U.S.G.S. di- 
rector for the past 4 years under the Carter administration. . 
In both Instances, submittal of resignation letters was a . . . .. 
courtesy— a formality, but acceptance of their resignations 
was not. Both McKelvey and his successor, Menard, are .' 
professionals, but both were treated politically. ' These are 
only the first and second cases of political interference at 
the U.S.G.S. In over a century. Until these Instances, the 
position of director was held as a. purely, professional one. 

- Beyond just a reshuffling of persojinel at high levels of 
government, however, it Is Important to note! that the U S 
Geological Survey's mission has changed markedly In re- 


(News coht. oh page 108 ) 
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(News cont. from page 107 ) 

2?D P'osidonj Carter's secretary of Ihe Interior. Ce- 
5fi U D flnrt d h ’ Was i wlde,y puoted 'o [, ie effect lhar the Sur- 
wardlhe nSofT" 1 McKGlvey ' was ™t orfented to- 
n tf u i a 0ns vlows on domes!i c oil and gas 
Snn thn^L l Sam ?i 0k6n ' Roa 9 an accused Interior, fn- 
2S®!SS i°° 9ICnl Surw3y - Qf boin 0 more concerned 
SI P?hr ng [SS°V ,C0S ,hnn Wflh exploiting thorn' (Sci- 
L B1) ™ 0 new secf0lary of ^e Interior, 
the r^pnVn l ? 01,3,0(1 a, » 1,10 dtrectors and heads of 

effort to if.m thf «?. 0S „ W,thln tho [nlerlor Department in an 
ThJ,° U n he s,,ua,fan around, at (east politically. 

nrimSic 9 . S ? f em ?J 0 b8 0 801 ol clear mandates of the new 
aqSc es Nnnlmiro 1,1 ,n,luenC0 rosourco-sensltive federal 
? ? S9, as repor{Qd lf> Science . it is widely 
S?d tor arVJll G8O,0 1 ? lcal Survoy ha s 'an oulslanding rec- 

tS'SSKSSir/™ 

whBtonrSUf?J. daf ! S 10 f0p,ace Menard ™Y wonder 
hn man 9 i UC 8 ? rea! porSonal commitment can or should 
bo made for such a politically sensitive position .— PMB 

NASA Establishes Speakers Bureau 

nelafy Geology Speakers Bureau has been eslab- 
ate^rosSto^n? univ0rai,jes and olher Institutions Hie^ 

loitjnontop.cs^ *" d ■* 

p ano ary geology program. Thoso speakers can lecture on 

p,nnQ,af y volcanlsm, lu- 
i. S?' 'h° ongm of asteroids. Martin geology Venn- 
tectonics. comparative planetary geology thoAltende 
moleori |0 . CO mot oxploralion. the Gallloan saLliles and 
geotoglc ovolution ol the terrestrial planets ’ 

rnlrn Jl™ gr0up 0r ^Pahmont will be expected to pav the 
To POnses associa!ed with the speaker's travel 

JLata^rnnrn" 0 .^ ° r tor more -■nformatlon intoctlhe 
r S ? 6,1kers Buroau - Deportment of Geoto- 
sy. Arizona Stato University. Tomoo A2 fispfli « P » a io 
Phono ( 602 ) DG5-7092. O 81 1 0r ,0,0 ‘ 


Geophysicists 

NtwTht S B . enton - former associate administrator of 

!l^h , ;? ned lo his P^'^so/ship m ihe Department 
ol Earth and Plane, ary Sciences a, the Johns Hopkins Un" 
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Geophysical Events 


riassTsrass 

Volcanic Activity 

^ s ° uihern 
sssss 

ksj new iobes praduc8d in ia,a 

lpgfis%^L 

SS“SSE^^SS 
ssssst ss^ssr ~ 

e« were rock avalanche eva„Hn d a 
oiecfion of steam plumes A new tom a r«? 0 « ^ panl0d 
9 on Ihe eastern margin ol Iho SJSS ?E?,, n ? d January 
was ihe probable source ol smaTsloam an? AhT°'* 

Oh January 16 at 1152 (m d ash P^mes 

oul accompanying seismicity * P umo was e * Bcl6d wlltl - 

scSra^v^&SanTot 5 '”^^ 09,0 ™o'™ and 
February. na^su^sTn he of 

face ol the lava dome indicaton iho» «* . GfacKS ,n 1110 sur- 
creaslng. On February 2 at 033G waa ln ' 

lly was followed by a^asnilSte i> ea^Sk™if’JiMo ,miC ‘ 

February 3. Occasional tow-level lrerw3^SSf ' 
were several bursts of seismicity one nr 88 

aled with a small plume at 1220 8v mkfnlnht 
February 4-5. ^number oKte ^ 

4 to $ per hour and continued at this /ate^cr 


Si I. and nor ^ ' Mulh cross sections through Mount 

198?] By M Chfl8 D ° Uka3, U,Sl Geo,D fl !cal Survey. January 

Lava extrusion: Just before 0500, the U.S. Geological 

d h9 Unlv0rai,y of Washington Issued an?dvfso- 

lZ EnT 9 H an .f^P 1100 wi,h,n ,ha next 12 hours. Selsmlc- 
ty began to decline about 0600 , probably signaling the be- 

ctrrinnn°/i flVa , 0x,rusl ? n - By m 0, earthquakes were oc- 
curring at a rate of only about 1 per hour Very heaw 

on e T^°r thQ Cral0r ' but new ,ava cauld b^seen 

The nuSber^ of rikZf ^ a , b ° Ul 30 seconds of visibility. 
u O0o ™ er of d,8crete seismic events decreased further 
by mid-afternoon, remaining at many fewer than i nor hour 

itanT Februa,y 8 - tumte olunuS aelamlc 

signals were recorded, possibly caused by lava extrusion 

Improved vislbliity reveal that the new lava was extrud 
ed through the collapse pit In the center of the October 
fn? 0 ' T ^J eW ma[ar,al appeared to have both uplifted 

■m 

SaaSSS- 

by uplin ol preoxlsiing lobel® 9 “ ld h0W much was ““ssd 

al CbX HesL U VA 2 !oga. ICfll SurVey ' Sl0 P 908 ' Nallon- 
h >- 


gan on February 3 after 12 days of local earthniH* 

17 cm of summit Inflation. After a falrtysuddln^^ m 
salsmlcity January 23, about 40 magrLde 2 ^ B Zf' * 
recorded dally by the newly established Volcan^! 8 * 
loiy of R6unlon. The day before the start n iha ° bs8rva ‘ 
73 earthquakes were recorded, with foci atout lS?' 
neath i Cratbre Bory, the smaller of the two summit' 
(see Figure 2). Seismicity Intensified In the hour nl 8,8 
first eruptive activity on February 3. About 250 smaK'^ 
Crete events were followed by 5 minutes of harmT d 
or then at 2030 a small fissure opened in 
minor lava flow was extruded during 2 hours of ariiw?' A 
along this fissure, and a 6-m-hlgh hornito forml^ t : 
vent. Purlng the second hour of the eruption a m 
amount gf aa lava flowed from a vent about 200 m below 

ThV ^ SParat,n H 9 ,a ? er Crat6re Dolomleu tm bS 
This lava covered about % of a small crater ruInTnS' 
Velaln) between Bory and Dolomieu. <t c,os 

After about 2 hours, two or three small fissures ooensd 
on the northeast side of Cratore Dolomleu, each eE! 
a lava flow about 100 m long. The next mornlno 
0400, a 300-m-long north-south trending fissure 9 fon^d 
lower on the northeast side of Dolomleu. Three scatter 

z n, \rir‘r lnl,iaiiy ' bui wi,hin hour, muSL 

(15-30 m high) was limited to the lower portion of the fe 

KKS»— *S* 1 « 

lower end of the fissure. The activity had built a small elon- 

anhvri^ h 18 "Ifb thrSe Vent3, The ,ava ,,0W ' composed ol 
fhn^FiinS Sa t ' Was 1,5 ~ 2 km ,n ,0n 9 ,h and covered several 
neato rrt^n 0 m ! ,e i a of ,he caldera f,oor - Seismicity be- 
tinn 6 k k B ry 5 ad stopped a few hours after Ihe erup- 

npSihlSf r U SV 1 l vents W0re occurrin g February 6 be- 
neath Nez Coup6 de Ste. Rose, on the caldera's northern 

r J b, n S0r . up,lon Produced more lava than the two most re- 
cent previous eruptions, May 28-29 and July 13-14, 1979. 

^l 1981 volume is of the same order of msgni- 
^ da a8 bas b0en extruded by Plton de la Fournaisein 

: o t , 8 nume roua lava flow eruptions from the summit 
area In the past 50 years. 

nlnMoSI a, ! 0n ?°S t » Cts: L - Stle,t j 0s - BRGM, Service Geolo- 

9 wwiSSSS’ B,p - 1206, 97484 Saint Denis - R6unlm - 

Voicano Observatory of Reunion. 

France 09 Krafft ’ Equlpe Vulcaln - B.P. 5, 68700 Cernay, 


Volcan °> Bay of Plenty, New Zealand 
n!r^ S \ . 77 ' 23 °^- New Zealand Geological Survey 
ti!I 8 ^ e n 0W rout,ne surv elHance over White Island (ac- 
e i n S |u C9 ,? 0c f rriber 18 ' 1976) on the morning of January 
06 10 minutes they were over the Island the volumi- 
i .i . ^°.[] V u U . t ng em i s sions of white steam and gas clouds 
tholr-vlew-aroumJ-and inlo-1 978-Graterr-The 6J»- 
inuuIr^S, erpptIon column was slightly ash charged (nils 
k on ' main crater was thickly covered with 
ronwin , wn '9 reen ash. Impact craters could be seen ex- 
p 00 !° g a lew hundred meters northeast from 1978 Crater. 
noPKi ° US , b i Ue fumes were associated with the aleam- 
r,8,ng ,n lha 1914 landslide area just southeast 
of 1978 Crater. 

_?? l3mlci,y elnce Ihe last ground Inspections ln early De- 

mari/ow ^ as charac terlzed by four distinct periods of 
mamed Increase. Intervals of high-frequency, hlgh-amplF 

werB recorded for 32 hours on December 15- 
io, ror J5 hours on December 22-23, and for 20 hours on 

nn^fr?!^ 2 !' 28, Stron 9 ash amissions were likely to have 
w/aro^ 00 d j dng ,heae Periods. Large discrete earthquakes 
were recorded on December 14 and January 2. 
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Information contact: B. J. Scott, New Zealand Geological 
Survey, P.O. Box 499, Rotorua, N.Z. 

Krafla Caldera, Myvatn Area, Iceland (65. 71° N, 
f6.75°W). All times are GMT. The following is a report 
from Karl GrOnvold and P&ll Elnarsson. 

Since the eruption from the Krafla fissure swarm in 
October, Krafla had Inflated as before. The previous 
ground level was reached In late November. A small, 
slow deflation took place 25-28 December with 
magma movement toward the N, but no eruption oc- 
curred. Inflation resumed, and the ground level at 
which previous deflation events and eruptions ware 
triggered was again reached about 10 January, but in- 
flation continued. 

On 30 January at about 0700, slow deflation of the 
magma reservoirs started, as recorded by tlltmeters at 
the Krafla power plant. The rate of deflation rapidly In- 
creased and about 0730 tremor appeared on seismo- 
meters. Deflation rate and tremor amplitude reached a 
maximum at about 0900 and declined very gradually 
thereafter. The earthquake epicenters indicated move- 
ment of magma along the fault swarm toward the N. 

Soon after 1400. a fissure eruption started In the fault 
swam 8-9 km N of the center of the magma reser- 
voirs. The fissure soon extended to 2 km length and 
the lava front quickly moved toward the N. The erup- 
tion site is close to those of July and October 19B0, 
and the eruptive behavior Is broadly similar. In the 
morning of 31 January, the fissure had shortened to 
about 330-400 m, and the lava production rate had 
decreased somewhat. 

The eruption was continuing on 2 February and very 
slow deflation also continued. 

The eruption site Is In an uninhabited area and 
poses no danger to the local population. Observations 
are hampered due to remoteness and difficult weather 
conditions. 

Information contacts: Karl Gronvold, Nordic Volcanologl- 
cal Institute, University of Iceland, Reykjavik, Iceland. 

P6II Elnarsson, Science Institute, University of Iceland, 
Reykjavik, Iceland. 

Marlon Island Volcano, Prince Edward Islands. Indian 
Ocean (46.90* S, 37.75°E). The following Is from a report 
by Shaun Russell and Aldo Berrutl. 

During the first week In November, research station per- 
sonnel visiting the west side of Marlon Island observed two 
new cinder cones, three small lava flows, and fresh tephra 
deposits, none of which were present when the scientists 
were last In the area in February. 

Russell and Berrutl traveled to the eruption site in late 
November. Regrowth of burnt vegetation indicated that the 
activity had probably occurred at least 2 months earlier. 

The smaller of the two cinder cones, about 6 m high with a 
crater 15 m In diameter, had formed at the summit of Kaal* 
topple, an eroded, 100-m-high tuff cone. A lava flow that 
apparently originated from the west (seaward) flank of ths 
summit cone had poured over nearbyf cliffs 50-70 m high 
and ponded In a small amphitheaterlike area at their base. 
About 10 m of lava remained In the amphitheater In No- 
vember, but caves above this level were partially filled with 
lava. Some of the lava had drained from the amphitheater 
and continued about 100 m seaward, flowing Into the 
ocean and forming a front about 1 20 m wide and 10 m 
blah. A lava tube seen at the southern edge of this flow in 
early November had collapsed by the lime Russell and Bsr- 
mll saw It on the 26th, forming a 4-m-wlde trench. This flow 
covered about 2 hectares, Including the portion between 
me summit cone and the cliffs. 

A second lava flow occupied a few hundred square me- 
JJJ of ihe promontory above the amphitheater mentioned 
aoove. A small amount of this lava had spilled through a 
' ,re onto the first flow, but most remained on the prom- 
ontory or poured over Its concave northern cliff face Into the 
sea. 

ftr 9 n lb 0 Hank of Kaalkopple, east of the new summit cone 
na near its base, a larger tephra cone had formed around 
.f-m-dlameter crater. The east side of the cone was 
0ach0d by a lava flow, 35 m wide as It emerged from the 
, rj 0r ' *bat eventually reached 50 m width before diverging 
0 ,? lobes. One lobe flowed about 350 m to the north- 
vfliir* aecond about 200 m to the south along a shallow 

hactorea 6 t0ta ' area COV0red by Ibis flow was aboul 7 

pmir 9Ular blocks and spheroidal bombs nearly 1 m In di- 
brmvf r « W ? re * ound on fbe flank cone. Fusiform and ribbon 
tar*?.! / I, 03 much as 350 m ft° m Ihe cone, with heaviest 
Pnra tall extending from its eastern, breached, side. A 
Inn r oua , lay8r of a8h and lapilli covered an area extend- 
thn w 0ra hundred meters to the east and 40 m south of 
soiiiha c ? n0a ' w ftb scattered fragments found 250 m to the 
k._ mucb farther to the southeast, 
from iS?f r 0rupt * ons have been reported In historic time 
no mnl! r 2 n ,8land - Some unvegetated lava flows appear 
re ‘ban a few hundred years old [Verwo&rd, 1967]. 
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bassv ftl® Solontlflo Gobnsellor, South African Em-, 

Pe/rL!!! ,/^ 00, 2555 M s ‘- NW - Washington DC 20037. / 
( 8 . 3 p«o Lesser Sunda Islands, Indonesia ■ 

tlvity a t Pat \‘ 7 u times are Ideal (GMT + 8 h).< ;Ac- ! • 
contlnuflH ,X ebb0 9 an to Increase, on November B ancj 
: ■ lnt0 nnlttently through the end of January. 


*2P t ^ lon column rose 1 km from Ihe summit 

1 km in^ihTuu, * S 0arby and 2 mm of ash were deposited 
iRmim.tof , 8001153 and ash W0re ejected for about 

mlt r Sta 98, s a ^ ng at 1 1 16 on November 13, rram a sum- 
yS 01 40 m ,n dia m 0 ter. The tephra column 
22? l^ Q 700 fi m ! n bolgbl- On January 27, ejecta set bushes 
, ire near a flank village. Detonations from explosions on 
January 31 were heard at Kota Barn, Flores Island (50-60 
km from the volcano) at 0740, 0803, 0807, 0913, 1030, and 
1215. No additional activity had occurred as of February 5. 

Information contacts: Adjat Sudradjat, Director, and Liek 
Partly anto, Senior Volcanologist, Volcanological Survey of 
Indonesia, Dlponegoro 57, Bandung, Indonesia. 

Karkar Volcano, off Ihe north coast of New Guinea 
(4.65 e S, 145.96°E). The following is a report from the act- 
ing senior volcanologist. 

A transient Increase In hydrothermal and fumarollc 
activity for 2 to 3 days at the beginning of December 
coincided with the onset of seasonal heavy rains. Mi- 
nor geysers were observed on the floor of 1 979 Crater. 
There were voluminous emissions of white vapour 
from a landslide on the Bagial side of 1979 Crater 
floor. Fumarollc activity was strong on the W side of 
Baglai Cone and on the E side of the caldera floor 
right up to the caldera wall. Weak lo moderate vapour 
emissions at these localities continued for the rest of 
the month. 

Karkar began an explosive eruption In January 1979. 

Two volcanologists were killed In March by an explosion 
from the southeast foot of Baglai Cone. 

Information contact: Acting Senior Volcanologist. Rabaul 
Observatory, P.O. Box 386, Rabaul, Papua New Guinea. 

Langlla Volcano, New Britain Island, Papua New Guinea 
(5.53°S. 1 48.42° E). The following Is a report from the act- 
ing senior volcanologist. 

Vapour emissions continued from Craters 2 and 3. 
Some small ejections of brown-grey ash rose from 
Crater 2. The lava flow from Crater 3 was still active 
and had almost reached the terminus ol the 1975 flow. 

Langlla has been active since 1973. 

Information contact: Acting Senior Volcanologist. Rabaul 
Observatory. P.O. Box 386, Rabaul, Papua New Guinea. 

Manam Volcano, off the north coast of New Guinea 
(4.10°S, 145.06 ). The following Is a report from the act- 
ing senior volcanologist. 

Moderate to strong light brown to grey ash-laden va- 
pour and, rarely, dark brown dust were sporadically 
ejected from the S vent. The main vent occasionally 
emitted weak white vapour. Light ashfall from the S 
vent was recorded at nearby Tabele on 2 December. 

Low rumbling noises were heard on 20 and 25 Decem- 
ber. A weak glow was observed at night (rom the S 
vent from 26 to 29 December. Seismic activity was at 
Its normal level. Radial tilt remained fairly steady after 
inflation of about 10 microradians during September 
and October. Tangential tilt commenced a downward 
trend showing a fall in level to the E of about 6 micro- 
radians. 

Manam’s current eruption began in 1974. 

Information contact: Acting Senior Volcanologist, Rabaul 
Observatory, P.O. Box 386, Rabaul, Papua New Guinea. 

Ulawun Volcano, New Britain Island, Papua New Guinea 
(5.04* S, 151.34°E). The following Is a report from the act- 
ing senior volcanologist. 

The volcano was very quiet throughout December 
with only continuous moderate emission of white va- 
pour from the summit crater. 

Ulawun had a brief, Intense, explosive eruption on Oc- 
tober 6-7, 1980. 

Information contact: Acting Senior Volcanologist, Rabaul 
Observatory, P.O. Box 386, Rabaul, Papua New Guinea. 

Sakurazlma Volcano, Kyushu, Japan (31.58°N, 

1 30.65° E). All times are local (GMT + 9 h). A burst of B- 
type earthquakes, which began at 0200 on January 18 
prompted the Japan Meteorological Agency (JMA) observa- 
tory at Sakurazlma to IsBue an explosion warning at 0930. 
Reflected glow was seen over the summit that night. Four 
strong explosions occurred during the next 2 days. Each of 
the first three produced a 200-m-hlgh Incandescent column. 
The fourth strongest explosion al 1632 on January 20 
ejected an Incandescent block that formed a 1.3-m-dlame- 
ter crater when it fell near an Inhabited area. Similar occur- 
rences of B-lype earthquake bursts, reflected glow of the 
lava mound In the crater, and explosions were observed In 
July and August 1979. 

None of the January explosions caused any damage. ■ 
Information contact: Selsmological phrislon, Japan Mete- 
orological Agency, 1-3-4 Olemachl, Chlyoda-ku, Tokyo 100, 
Japan. 

TABLE 1 . Explosions at Sakurazlma, January 1981 

Date 1 2 6 6 ; 0 9 ». 10 14 

Number . 1 •/ 1- ; 1 1' X, 1 . 1 ' 1 

Dais .17 19 20 21 25 28 29 31 Total 

Number .1 2 2 1 - 1 11 , < IB 


TarUthai Volcano, Hokkaido, Japan (42,68* N, .* ;• • 

l4l l ,38°E).' Seismic activity at Tarumal Increased again to 
more than 400 recorded events during January.; No erupj- 
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Fig. 3. Discharge rate of seismic energy (ergs/day) from Usu, 
August 1977— April 1980 (lop) and uplift rale (cm/day) of the New 
Mountain' cryptodome (bottom) for the same period. Note the In- 
crease In February 1978. [Data are Irom I. Yokoyama.J 

were recorded In November and December, after over a 
year of fewer than 50 events per month. The last eruptions 
occurred In December 1978-May 1979. 

Information contact: Selsmological Division, Japan Mete- 
orological Agency, 1-3-4, Olemachl, Chlyoda-ku, Tokyo 
100, Japan. 

Usu Volcano, Hokkaido, Japan (42.53* N, 

140.83*E). Cryptodome uplift and local seismicity contin- 
ued through 1980 at Usu, site of a major explosive eruption 
in August 1977. Weaker explosive activity had occurred 
through October 1978. Since then, gradually weakening 
steam emission (rom the vents formed in 1978 has boen 
observed. 

Local seismicity continued an Irregular decline through 
1980 (see Figure 3 and Table 2). Fell shocks averaged 3 
per day In 1980, but swarms of 30-40 felt events In a sin- 
gle day occurred about once a month. The earthquakes 
were caused by subsurface magma movement associated 
with cryptodome uplin. Careful correlation ol seismic rec- 
ords with observed surface delormalion and faulting re- 
vealed that larger earthquakes occurred simultaneously 
with measurable fault movements. 

TABLE 2. Number ol Local Earthquakes per Month, Usu Volcano. 

January-Decomber 1980 


Recorded 
events 
Fell evonts 


Recorded 
events 
Fell events 


Jan Feb Mar Apr May Jun 
1176 1004 090 582 673 2lT 

234 216 162 92 121 32 

Jul Aug Sep Oct Nov Dec 

601 4BG 620 -It3 60-1 572 


82 108 


69 106 


The rate of uplift ol Ihe 'New Mountain' cryptodome de- 
creased through 1980. from 5 envday in January to 3-4 
em'day In December (Figure 4). Northward lateral move- 
ment of (he northern flank continued at a similar rate. As a 
result, compression of the ground north of the volcano also 
continued, affecting several towns and villages. 

Information contacts: Selsmological Division, Japan Me- 
teorological Agency, 1-3-4 Olemachl, Chiyoda-ku, Tokyo 
1 00, Japan. 

I. Yokoyama, Hokkaido University, Sapporo, Japan. 

Volcanic Activity in Nicaragua — early 1981. The follow- 
ing Is a report from Richard E. Stolber and Stanley N. Wil- 
liams. 

Scientists from Dartmouth College, the Nicaraguan Insti- 
tute of Natural Resources and Environment, and the Nica- 

(News cont. on page 111) 
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development and broad aspects ol plate 
tectonics. Included Is a historical bib- 
liography ol over 900 papers published 
from 1983 through 1 970. An Invaluable 
reference tool and a must for classrooms 
and libraries. 
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Dynamics of Plate Interiors fionm 
edited by A. W. Bally, P. L Bender T R 
McGelchin, R. I. Walcott. Illustrated wb‘ 
'pages, hardcover, $15.00 (GD0100). 8 


An Interdisciplinary focus on the move- 
ments of the surface and upper Dari rtf ih 0 
earlh'a Interior. It explores ihe dSormatkm 
which occurred along narrow belts between 
Ihe I thospherlc plates and leads to anujT 
derslandirig of the earth process where 

2JE T prlmarily vert,C8 ' occurred 
within the plates, remote Irom plate bound- 
aries. This is the first volume In the Geo- 
dynamic Series, which publishes tire final 
reports of the International Geodynamics 
program. 


The Tectonic and Geologic Evolu- 
tion of Southeast Aslan Seas and 

• 0980) Dennis E. Hayes, editor 

niuslrated, foldoul map, 334 pages 
$25.00, (GM2300). F 9 


A cooperative research endeavor be- 

«!i 0 ,u B , mh sc,0n,lst8 in the United Slates 
and their counterparts In Southeast Asia 
Mntlnulng the scientific objectives ot the 
Studies of East Aslan Tectonics and Re- 

A T ER) pr °9 ram - Sslsmfcally 
active marginal and back-arc basins are 
exptored with a focus on aerial land geolo- 
gy. Closely related materials will be found 
a 80 ln lhe Maurice Ewing Series books. 


Rio Grande Rlfti Teotonlos and Mag- 
matlam (1979), edited byR.E.RIecke 
448 pp., Si 6.00 (SP0023). 


A series of modern papers with its focu 
on filling major earth structures inloan 
overall scone. Intensive research Into Ihe 
Rio Grande Rift has evolved from one 
largely unknown to one of the best docu- 
mented continental rifts In Ihe world. ThU 
endeavor has become a fine example of 
Interdisciplinary research. 


The Earth’s Crust and Upper Mantle 

(1 989), edited by Pembroke J. Hart, V. 

PP, $5.00 soflbound (GM1300). 

The enthuBlasm of The Upper Manile. 
"roject, an International program of 
geophysical, geochemical, and geologlci 
studies concerning the ‘upper mantle an 
its Influence an the development of Ihe 
earth's crust,' encourages the reader to 
make a personal contribution lo the solu- 
tion of some of the many unsolved prob- 
lems of the earth's Interior. 


Man-Made Lakes! Their Problems 
and Environmental Effeots (1973 
edllad by W. C. Ackermann, G. F. Whit 
and E. B. Worthington, 847 pp, $30.0f 
(GM1700). 

Artificial lakes are symbols of econorr 
advancement and also of dismay. They 
provoke Issues ol public Judgment that* 
likely to appear wherever drastic changi 
are made In an ecosystem. This book re- 
searches these lake systems; biological 
ecological, environmental, and soclopoll 
cal Impacts; and offers alternatives and 

recommendations. 


Antarctic Snow and loe Studies II 

ti 97 1 ). edited by A. P. Crary, llluslrat 
4 12pp„ $24.00 (AR1600). 


Glaclologlcal results of major Iravers 
in Antarctica, covering a continuous 
profile of approximately 4500 kM. Elevi 
;[° n8, annual snow accumulation, ice 
thickness, gravity, magnetic field value 
and seismic studies form the core of thl 
Interdisciplinary venture. 
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Fig. 4. Monthly averages of the number of recorded (solid cir- 
cles) and felt (open circles) seismic events per day at Usu, August 
1977-December 1980. Explosive activity during a particular month 
|9 Indicated by arrows. 


raguan Institute of Seismic Investigations observed Nicara- 
guan volcanos during a 3-week period In January and early 
February 1981. 

Masaya (1 1.95 ’Af, 86. 15°W): The gas emission event 
that began in fall 1979 continued with a steady release of 
very large amounts of SO ? . Strong winds carried the gas 
plums onto populated areas at high elevations. A day of 
notable rockfall activity in the crater was followed for 1 day 
by a significantly larger rate of gas release. 

San Cristdbal (12.70* N, 87.02*W): The gas plume re- 
leased essentially continuously since gas emission began 
in 1971 has become Intermittent. Periods of energetic gas 
release of less than 1-hour duration were separated by pe- 
riods (measured In hours) of only low fumarollc release. 
Shallow seismic activity continued at levels above back- 
ground. 

Tellca ( 12.60 C N , 86.87* W): A small-volume plume of 
vapor was Intermittently released. Shallow seismicity was 
regularly observed In the vicinity. 

Momotombo ( 12.42° N . 86.55° W): A small, continuous 
vapor plume was visible. No shallow seismicity was ob- 
served around Momotombo. 

Information contacts: Richard E. Stolber and Stanley N. 
Williams, Department of Earth Sciences, Dartmouth Col- 
lege, Hanover, NH 03755. 

Debbie Reid de Jerez, IRENA, Managua, Nicaragua. 

Douglas Fajardo, IIS, Managua, Nicaragua. 


Earthquakes 


76.9Z°N 

38.69 s N 

4.60-S 

42.85'N 

30.97*N 

29.73«S 

51.57‘N 


Time, GMT Magnitude 

1447 4.2 mb 

1817 6.7 M 8 

1511 6.8 Mg 

0458 6.1 M s 

2114 7.0 M s 

2155 7.1 M 8 

0853 6.9 M a 


Longitude 

87.33“W 
1 42,83°E 

139.30'E 

142.15°E 

101.14-E 

60.75-E 

176.39°E 


western Greenland 
near east coast of 
Honshu, Japan 
West Irian. Indonesia 
Hokkaklo, Japan 
Sichuan, China 
Atlantic-lndlan Rise 
Rat Islands, 

Aleutians 

Depth of Focus 

shallow 
40 km 

Bhaltow 
shallow 
22 km 
10 km 
shallow 


west Greenland earthquake caused small cracks 
around Thule and as much as 125 km 
ro the south southeast at Savigslvlk. The January 18 event 
registered 2 on the Japanese Meteorological Association 
ln Yokohama and was felt In northern Honshu and 
rfuthsm Hokkaido. The West Irian shock, and landslides 
i|j 9 ® f9c ! b y ft, killed 261 persons and caused much de- 
letion in the Jayawljaya Mountains, on the southern 
of the central highlands. The January 23 Japanese 
nnu ij^ 0 waa the second and strongest of three that day 
h i,^ 0, It was felt from the Kurils Islands to Tokyo, 

Q P° serious damage was reported. The Chinese earth- 
nr™i on * he 8ame bay In the Dawu district of Sichuan 
aivo 3 Ce k,lled f0Wer than 150 parsons but caused exten- 
Cfln ,: a T age to dwellings and roads. The January 30 event 
[ha i!! r0 Jr near the Rat •stands was widely felt throughout 
lanH?co , rn Aleuli ans, though only lightly on Shemya le- • 

Ia ^ 150 km to the west. • • 

M^ rma,i0 J? contacts: V. F. Buchwald, Department of 
204 SSSf' ^ he Technical University of Denmark, Building 
TnJiu ^HbtottaveJ, 2800 Lyngby, Denmark. : 

M 'I° I lba - department of Geology, National ;Sdence. 
j apan urn - a ‘23-1 Hyakqnln-cho, Shlnjuku-ku, Tokyo 160, 

Sure a il? n l! Earth nuake Information Service. U.S. Geological 
DaS ?°. p 967 - Denver Federal Center, Box 25046; V 
Colorado 80225 USA, ' • r- : ■*; " . 

: ^;2? D Frat 1 C0 - p res8e. ;, •;'* H ; v .. 

tad Prp8s International:, J 


Fireballs 

Western Austria. December 28, 1980. 221814 GMT. The 
following is a report from ZdsnSk Ceplecha. 

A fireball of -13 maximum absolute magnitude was 
Photographed by several Czech and German stations 
of the European Fireball Network. The fireball traveled 
a 27 km trajectory In 1 .3 seconds. The following pre- 
liminary results are based on the first four available 
photographs from distant stations (330 to 460 km 
away). 


Velocity (km/s) 

HBlghl (km) 

Latitude 
Longitude 
Magnitude 
Mass (kg) 

ZR 

Fireball lype: III B 
Meteorite fall impossible. 


Beginning Maximum Ughl Terminal 


22 

21 

18 

92 

79 

69 

48.95 C N 

47.02°N 

47.07°N 

10.85°E 

10.59°E 

lO-SS^E 

-4.2 

-12.6 

-4.5 

29 

18 

none 

33 s 

33° 

S3 1 


Radiant (1950.0) 

Observed 

Geocentric 

Heliocentric 

Alpha 

99° 

99 s 


Della 

17 s 

15 D 


Lambda 




40° 

Beta 

__ 

a 

-5° 

Initial Velocity (km/s) 

22.4 

19.3 

35.5 

Orbit (1950.0) 




A 

1.8 A.U. 



E 

0.63 



0 

0.59 AU. 



Aphelion 

2.6 A.U. 



Omega 

91° 



Ascending node 

96.98° 



Inclination 

5' 




Information contact: Zden&k Ceplecha, Ondfejov Obser- 
vatory, 251 65 Ondfejov, Czechoslovakia. 

Burma, November 2, about 1 130 GMT (about 1800 local 
time). Elizabeth Crowder saw a brilliant fireball just alter 
sunset from Pagan, about 200 km southwest of Mandalay 
on Ihe Irawaddy River. Walking southwest along an unlit 
street, she noticed Ihe sky brighten as if a street light had 
been turned on behind her. She turned and observed a bril- 
liant fireball with a rounded red and blue head and a long, 
yellow, arc-shaped tall. The object moved from almost di- 
rectly overhead toward the northeast, illuminating the sky 
like a large lightning bolt. It disappeared above the horizon 
without a terminal explosion. No sounds were associated 
with the tlreball. which was visible tor 5-10 seconds. 

Information contact: Elizabeth Crowder, 133 Mapache 
Drive, Portola Valley, CA 94025. 

West Germany, December 23, 2047 GMT. 

Observers: Capt. Bruns and F/O Rauif of Lufthansa 
flight LH 263 (Vienna-Dussaldorf) 

Location: 15 km NW of Erlangen (40 km NW of Nfirn- 
berg), aircraft course 315 magnetic, altitude 
9.5 km 

First sighting: 045 magnetic, 10 above the horizon 
Last sighting: 035 magnetic, at the horizon 
Duration: Is 

Apparent brightness: As bright as the full moon 
Color: Green/yellow-whlle 

The fireball first appeared as a green line, then separat- 
ed Into three yellow-white 'stars.’ 

Information contact: Gerhard Polnilzky, Unlversltaets- 
Sternwarte, Tuerkenschanzstrasse 17, A-1180 Wien, Aus- 
tria. 

New Zealand, October 17, 1980, 2242 GMT (18 October, 
1042 New Zealand Standard Time). Mr. and Mrs. T . D. 
Wenborn reported that while they were sitting on the beach 
at Ruby Bay, near Nelson, at the north end of South Island 
on Tasman Bay, they noticed a vivid white trail forming be- 
hind an Invisible object moving at great speed. The trail ex- 
tended from the east northeast side of the zenith back to 
the east northeast horizon, ln 3 seconds Ihe object traveled 
to 46° above the west southwest horizon, where it was lost 
In cloud. There was no sound during the passage over- 
head, but only 3 or 4 seconds later they heard a muffled 
dull explosion. The Wenboms remained on the beach lor 
another 1 5 minutes, then continued their trip northwest 
After driving for 10 or 15 minutes they observed the end of 
the trail. It terminated In a cloud like structure with five or 
six similar trails leading from It. . . , 

No other observers are known. The DSIR Geological 
Survey branch had no seismic record of the event. Air Traf- 
fic Control at Wellington showed no aircraft In the vicinity 
during this period. Lincoln Tempero, Naval Attach*, New 
Zealand Embassy, Washington, D.C., reported that no mili- 
tary maneuvers were underway. The New Zeatand M® 1 ®- 
; orologlcal Service Is ^searching wealher conditions at this 

• “"nie Meteor Section of the.Royal Astronomical Society of 
New Zealand Is Investigating the event and will provlde : • 

more details whan they are' available. : ' 

' Inforpiatton contacts: Ken I. Morse, Director, Meteor Se^ 
lion, Royal Astronomical Society of New Zealand, P.O. Box 

2241. Wellington, New Zealand. v . • ■ 

Lincoln Tempera, : Naval Attach^, New Zealand Embassy^ 
37 Observatory Circle, Washington, DC 20008, . 

Kg« r and F/0 Moser of Swissair 
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Location: 23.90°N, 57.25 a E, aircraft course 280° mag- 
netic, altitude 8.5 km 

First sighting: 200° magnetic, 10° above the horizon 
Last sighting: 200° magnetic, at Ihe horizon 
Duration: 1 s 

Apparent brightness: Dazzling 
Color: While/blue 

The fireball appeared as point without a tall, first white, 
then blue. Thera was no flickering. 

Information contact: Gerhard Polnilzky. Universitaets- 
Sternwarte, Tuerkenschanzstrasse 17, A-1180 Wfen, Aus- 
tria. 

Western Pennsylvania, USA, 1 January, 1810 QMT 
(1310 Eastern Standard Time). A daylight fireball and a 
loud explosion occurred over western Pennsylvania on 
New Year's Day. The pilot of TWA flight 83 reported to 
Cleveland Air Traffic Control at Oberlfn, Ohio, that he was 
at 9.5 km over the Somerset, Pennsylvania, FAA beacon 
and was seeing a 'ball of flames, like magnesium on fire' 
falling straight down in front of him. Two other airline pilots 
reported similar sightings to Cleveland when they entered 
Cleveland's air space about 20 minutes later: lo Ihe north- 
west from over Marllnsburg, West Virginia (Northwest Ori- 
ent flight 69), and to the north of Pittsburgh from over 
Charleston, West Virginia (Eastern flight 140). A general 
aviation pilot reported later In the day that he had seen a 
fireball about 1310. There were no sightings from the 
ground because a heavy snow storm was In progress. 

The explosion was heard and felt about 1315 over a re- 
gion from Allegheny County north to Warren County. Seis- 
mic effects included vibrations, ground shaking, and 
cracked windows. The North American Air Defense Com- 
mand (NORAD) had predicted no reentries for this lime and 
location. Paul Oles, program director of Ihe Buhl Planetar- 
ium and Institute of Popular Science in Pittsburgh, suggest- 
ed that a 'fragile meteorite' might have fallen. No meteorite 
pieces have been reported recovered. 

Information contacts: Don Anderson. Cleveland Air Traffic 
Control Center, Oberlin, OH. 

Paul Oles, Program Director, Buhi Planetarium and Insti- 
tute of Popular Science. Allegheny Square, Pittsburgh, PA 
15212. 

NORAD/OPI, Peterson AFB, CO 80914 

United Press International. 
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Glossary of Geology, 2nd Ed. 

R. L. Bates and J. A. Jackson (Eds.), American Geological 
Institute, Falls Church. Virginia, x + 749 pp., 1980, $60.00. 

Reviewed by Rhodes W. Fair bridge 

A review of a glossary can hardly follow the usual lines for 
a monograph or textbook. The authorship is multiple, though 
strongly edited, and the style is inevitably dry and the organi- 
zation is alphabetic. (In terms of subjects, essentially ran- 
dom!) I cannot claim to have read it cover to cover. 

Nevertheless, it is a superb volume, and every serious 
earth scientist will have to possess his or her own copy. The 
price is a bit steep, but that's how the costs are running these 
days. This is called a second edition. Tbe first A.G.I. Glossary 
was in 1 957, covering 14,000 odd terms. A paperback selec- 
tion appeared later. In 1 972 came a completely new work 
with 33,000 terms; now the present volume, a rigorous revi- 
sion, which by strict discipline and close editing has been 
kept down to 36,000. Notable expansion has been in such 
areas as plate tectonics, paleomagnetlsm, seismic strati- 
graphy, and remote sensing. Another 450 new mineral 
names appear, adding to some 4000 already recorded. 

The scope of the glossary is geology and geophysics In the 
broadest connotation and reaches the interfaces with arche- 
ology, astrogeology, climatology, oceanography, and soil sci- 
ence. Dipping into the book generates a salutary sense of 
awe. What a vast science we have generated. In spile of the 
Impressive recent advances In quantitative data acquisition 
and analysis, the great bulk of earth science must be verbally 
described. Some of the terms are remarkably disarming. You 
may snigger, if so Inclined, over ‘coal smut' or be envious 
over ‘hog wallow. 1 And what Is 'lumpy'? (It Is a badly cut gem- 
stone.) If you deal in earth history, you should not confuse 
'lower' with ‘early.’ Acronyms, at least 100 of them, range 
from MSL to (ha LVL. Geodesists will miss RVCM (recent 
vertical crustal movements). Some rather controversial terms 
are treated with varying agfllly. 'Geosyncline' fares much bet- 
ter than ‘geocilne.' Various laws, familiar and otherwise, also 
gel mixed attention: Stoke's Law and Sternberg’s Law do 
fine, but Snell's Law needs a bit of help (students of beach 
erosion really need this). Some extraordinary and unexpeci- • 
ed synonyms emerge: thus, ‘orthld’ is both a kind of soil and a * 
family of Paleozoic brachlopods; I guess you would lell which 
by the context. And 'geo-' of course means anything to do with 
the earth, but 'geo' (no hyphen) means a chasm In Old . ” ; - 
Norse. I counted exactly 1 00 'geo-' words before gelling • 
■geold/ which would be a good 'datum' on which to dose. 

But as an afterthought, by the way. If you enjoy guessing 
games, each of the alphabetic heads Is accompanied by an 
untitled 'geo-' photograph. If there Is an earth scientist who 
can identify the whole lot. A through Z, I'll be happy lo buy 
him or her the drinks (ho cheating now, there Is a list some- : 
where). I'm sure we will all Join the devoted editors, Julia 
Jackson apd Bob Bates, In saying Thank Voii,' and Hope ' 
with them that the glossary will prove to be 'q bulwaric qgaihst > 
the babsllzallori of the geotogjoaf language.'- \ i ! 

Rhodes IV. Falrbridge Is with the Department ot &e oio&lcal 
Sciences, Golumbla University, New York, New York. ] Xv 
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B - Murra V- M - C. Malln. R Greeley, W. H 
Freeman, San Francisco, Calif., xiv + 387 pp., 1981 

855^960* 4ih **■ Q ' Born(or * Clarendon, Oxford, xii + 


The Tectonic and Geologic Evolution of Southeast 
Asian Seas and Islands 


Dennis E. Hayes, editor (1980) 


■ results of a ma !° r 


0 Icooperativ°rMeafch between ear^sdentlsts 


In theUnlted States and thelr.counterparts 
in Southeast Asia. 
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Map of Significant Earthquakes 1900-1979 National 

Colo^igao ^ and Sojar-Terreatrla 1 Data Center, Boulder, 
Colo., 1980. Available from NOAA. Boufder. Colo 


A synthesis of marine geophysical/geological 
in d related tectonic Information that could serve 
to identify Important gaps in our Information 
base and focus attention on crucial areas for 
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20 % d/scouni to AGU members 


new or continuing investigations 
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This volume will serve as a logical starting 
point for many future studies of this area. 
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MasterCard.! | VISA 


orders under $30. must be prepaid 


g** nyw^y Qaologlat/Mloroaalaontolo. 

8 . ™f* hln 8*on University, The Depart- 
S , 0t i. Ea ! 1h and Pla neiary Sciences. Washington 
University, has available a tenure track, assistant 
professorship position, beginning In the 1961-62 
academ ic year far a geosclentist with research in- 
terests In dlagenesls of sediments or In mlcropa- 
teontology. 

inJ* 13 auccesaful candidate must have the follow- 
trig attributes: demonstrated creativity and promise 
ot exceHence In research and teaching; Intent lo 
develop a vigorous graduate research program; de- 
'™°* aacb “urBes in field ol Interest and related 
Saoaclence at undergraduate and graduate 

Send resume, statement of future research Inlet- 
fjjz; and names of at least three relerencea. to 
Larry Haskln, Chairman. Departmenl of Earth t 
Hanetary Sciences, Washington Unlveralty. SL 

Aprilifi^ 130 ' Appltallons received through 
n,^^ hln9ton Unlvara, ty Is an equal opportunity/al- 

firmatlve action employer. 


IraE r Meteorology. The Swiss Federal 
m * fS L Teohnofagy | n Zurich InvHes applications 
In toaoretlcal meleorology. Re- 
and rSlJ!.? T a new Professor Include teaching 
teorninl! a t !1 n dynam,c al and boundary layer ma- 
S'^e successful appllcanl will have a 
aucroeTrT 1Uh/a enf et,ucall °n, a strong record ol 
oSn [ a8aarch flnd Caching experience. Ap- 
fJ^ lk J" 8ah ° uld be submitted before April 30. 
T„ h ' I? ^ a President, Swiss Federal Institute ol 
schnology, ETH-Zentrum. CH-8092 Zurich. 


of Iowa. The 

^artment of Physics and Astronomy anticipates 
ruM 1 , o2? ° penln 0S for tenure Iraok faculty In Au- 
«oi ™ 881 * Re80arch specialties for which substan- 
available are magnetospherlc 
rnlT^!^ 0 P h y aic s and apace and laboratory plas- 
ma phyalos, both theoretical and exparlmental. Oth- 
,_ 0 P^teJitiea of Interest are astronomy, aatnophys- 
e ' sme f Uflf y particle phyalcs, atomic physics. 
matt8r - an b low energy nuclear physics, 
taatki Uon ? tovolve undergraduate and graduate 
wacning, guldanoe of reaearch students, and par- 
«toai reseerch. Interested persons should send a 
[T™ 1 ® statement of research Interests, and toe 
r . T. BS i.° hr0B Professional references to Search 
CBmmJtiee, Department or Physics and 
gjg-* University ol Iowa, Iowa City, 


Battalia, Paolfle Northwest Laborato* 

. Applications are Invited far a postdoctoral po- 
sition fa geophysics with emphasta on middle or up- 
per atmospheric research at the BattePe Observa- 
tory In R chfanri ,.hii ho 


ZZ T !tr pnBno roaeareh at the BattePe ooserva- 
in^tobtend. Washington. Stipend will be 
51 a, 000 Initially; the position offers the posalbSIty ol 
a Permanent research position at Iha end of the 

Dnnlrvw** M i - . . . . ■ a. 


» 1 pwiiivn uiioio w 10 

research postUon at Iha and of Iha 
postdoctoral appointment. Address Inquiries to 
n. A Stokes. Battelle Observatory, BatteBe, Pacfflo 
Laboratories, P.O, Box 998, Richland. 


JW Position In Oceanography/aeofo- 

g' of Northam Colorado. The 

yepartmem of Earth SdenceB InvHes appfloatlon* 
wr a lull-time, tenure track faculty poslllwi In • • . , 

owanography, starting September 1981. We are : • 
*«wn9 a person with a broad background fa . ± } 
^toflraphy and one or more of the related earth-.. 
Jrf™? naldB such as marine geology andtoT se(h • 
mientology. Malor responsibility wfllbe teaching be- 
OTning and advanced courads In oceanography, 'v r 


S “ no aovanced courses In oceanography. 
^wraea fa fae related Held, and genera). edubajloO : 

A modest amount of research Is possible. - -- 


onn r * mofl ®«t’amoun( of reeaarch Is possiDw. 
ana is encouraged.: Applicants should possess the ' ..- • 
^,P- d ®fl feaor be In the final slageq.of completion:. ;: 
^5* da A ree > Starting rank and salary Will depend 
dSir^ 8 "® 8 ^ pfbor, quaflfloaHons'of tw;?*"* ; 


Saie^JSSJ ^ pfher,quallflflaUorifl r of 

ffi.^1 11 ? 0 * 8 Submit a resume.and at. Idafil ; . 
■nree rettsra ol raftftrnrrioTvfoii^n nr 1. Gian. 1 
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p 01 tdootoral and Graduate Research As- 
slstant Poaltlons/Envlronmontal Chomls- 
try. The Department ol Environmental Systems 
Engineering at Clemson University has available 
graduate research assistantshlps and two postdoc- 
toral positions for research In acid deposition, trace 
metal geochemistry, and fate of trace organics In 
the environment. Contact A. W. Elzerman, ESE- 
Rhodes, Cfemaon University, Clemson, SC 28B31 
(803-658-3270). 

Clemson University is an equal opportunity/affir- 
mative action employer. 

Reaesroh Assistant Profoasori C9U. Spe- 
cial Initial appointment Is for one year with possibil- 
ity ol extension beyond (hat period. This is a 12- 
month full time appointment where the successful 
applicant Is expected to engage full time fa re- 
search. Applicant will be given the ma|or responsi- 
bility to conduct and direct research In a group ac- 
tively involved fa both basic and applied research 
on conjunctive management of surface and ground- 
waters. A recent Ph.D. with a background In hydrol- 
ogy, groundwater hydrology, or systems hydrology. 
A strong Interest or experience In flow through po- 
rous media, transport of dissolved contaminants as 
applied to groundwater systems and numerical 
analysis techniques Is desired. 

Application deadline Is April 15, 1981. Position 
available April 30. 1981. Salary is negotiable. 

Send resume, graduate transcripts and names ol 
references to Dr. Hubert J. Morel-Seytoux, Chair- 
man ol 8earch Committee, Departmenl of Civil En- 
gineering. Colorado State University, Fort Collins, 
CO 80523. (303) 491-8549 or (303) 491-5448. 

CSU is EEQTAA employer. E.O. Office: 314 Stu- 
dsnl Services Building. 

Assistant Profoasori In Atmospheric Scl- 
•noe-ellmate dynamics. 

OuailNcallonB: Ph.D. fa atmospheric Bclsnce or 
related field with strong background and evidence 
ol experience In the theory, phenomenology, and 
numerical modeling ol atmospheric motion systems 
and a demonstrated Interest In the study of climate 
and Its physical basis. 

Teaching responsibility Include: numerical pre- 
diction course and sharing In teaching of one or 
two other undergraduate course In basic and ap- 
plied theory and phenomenology and one graduate 
level course. 

Research focus Is on dimate, its Bnergetlca and 
dynamics. These studies would complement exist- 
ing projects Involving hydrologic cycles, regional 
evaportransplration, trace gas transport and air pol- 
lution effects. 

Applicants Bhould submit resume, transenpts. 
copies ol publications, and the names Bnd address- 
es of at least three references to: Dr. Bryan Weere. 
Search Committee, Department of Land, Air. and 
Water Resources, University of California. Davis 
CA 95616. by May 15, 1981. 

The University of California Is an equal; opportu- 
nity/flfilrmaljve action employer and Invites applica- 
tions from all qualified Individuals. 

Physical Oceanographer. The Department ol 
Marine Science and Engineering. North Carolina 
Stats University, has an Immediate opening for a 
postdoctoral research associate. Research will be di- 
rected toward equatorial drculation dynamics, in- 
cluding seasonal and higher-frequency variability. 
Participation In fieldwork will be required. Qualifica- 
tions include e Ph.D. or equivalent to physical ocean- 
ography or gaophyslcal fluid dynamics and experi- 
ence In the analysis of oceanographic time series. 

The initial appointment will be for 2 years, with a pos- 
sibla continuation subject to availability of funds. Sal- 
ary is competitive and negotiable, based upon quaB- 
Hcsttons. Applicants should send the names of three 
references, a resume, and publication flat to Robert 
H. Welsberg, Department ol Marine Science and En- 
grvwrfng. P.O. Box 5923, NC State University, 
Raleigh. NC 27650. 


: -OWO.H.B majors sraning tail 

. 198, \ Background In physics and geoscience pre- 
lerred. Applicants must have a well defined interest 
and experience In teaching non-science majors. A 
Ph D and an active Interest In reaearch Is also re- 
quired. Send curriculum vitae, three letters of refer- 
ence. and a summary ot research interests and 
needs by May 22 to R. Nackoney. Chairman. De- 
partment of Natural Science, Loyola Unlvarsltv 
Chicago, IL 60626. 

EO'AAE. 


the Research School of Earth SdenTesTom £e 
holding a Ph.D. degree In a relevant field. 

The Research School of Earth Sciences has ra- 
cently Bstabllshed an intordladpTlnary research 
group In environmental geochemistry. Current 
areas of research Include application ot stable iso- 
tope studies and radiochemistry, to the geochemi- 
cal evolution of the Great Barrier Reef, the Gulf of 
Carpentaria and the geochemical record contained 
In the SBdlmenta ot Australian Inland lakes. Special 
attention is also being devoted lo holocene pa- 
taeoclfmatology and the carbon cycle. This group 
wishes to appoint a reaearch tallow specializing In 
aqueous solution gaochamlstry to work on a col- 
laborative basis on research projects In the above 
areas. 


In BddlUan to participating In collaborative re- 
search programs, the appointee will have the op- 
portunity of pursuing Independent research In gen- 
eral areas of Interest to thB group. The geochemi- 
cal environment of Australian Inland lakeB and 
groundwaters fe of particular Interest and the ap- 
pointee should be prepared to participate In a major 
research program aimed at understanding the solu- 
tion, transport Bnd precipitation ol chemical species 
in heterogeneous aqueous solutions and sedl- 
mantB A wide range of evaporate minerals are 
known to occur In these basins at the present time. 

Consequently, the research undertaken by the 
successful applicant may have Implications net only 
to environmental geochemistry and palaeocHmaiol- 
ogy but also to economically significant topics such 
as the mobilization, fixation and migration ol metals 
and other elements ot economic significance. 

Applicants should have broad Interests in geo- 
chemistry, together with a strong background in 
theoretical solution geochemistry and relevant ex- 
perimental-chemical techniques, in addition to de- 
scribing their qualifications, applicants are invited lo 
submit research proposals detailing the general re- 
search directions and specific projects which ihey 
would wish to pursue. Further information concern- 
ing the position can be obtained directly from Dr. 

W. Comp9ton. 

Salary on appointment will be in accordance with 
qualifications and experience within the range. Re- 
search fellow S19.132-S24.972 per annum. Ap- 
pointment will be for 2 or 3 years in the first In- 
stance with the possibility of extension to live 
years. Superannuation, housing assistance, rea- 
sonable appointment coals. 

The University reserves the right not to make an 
appointment or lo make an appointment by invita- 
tion at any lime. No fixed closing date is specified 
(or the above position. 

Interested candidates are requested to submit 
their applications to The Registrar, Australian Na- 
tional University, PO Box 4. Canberra, ACT 2G00, 
Australia. 


Research Plasma Phyalalst. Must be eligi- 
ble far Ph.D. In plasma* physics with specialization 
In and abstracts presented on theory and numerical 
simulations ol magnetic sheer effects on instabiiriy 
phenomena as applied to Ionospheric and mag- 
netospharlc problems. 1 year work experience In 
the field Is required. Position opening in D.C. area. 


, ® n , 0 Earth Surrey Applications Division, 
ft ^ Directorate, NASA/Goddard Space 
iflhl Center invites applications for the open 
wsitlon ot Head. Earth Resources Branch. The 
-f 1 01 lhlB P° ai,l °n is responsible for planning, 
earih n0, and conducting broad programs fa 

r0mo,B sensing basic and applied 
oomant a d d da,a analysis, emphasizing the devek 
moTI ? d<,0monB,ra,ion of applications of remote 
61 bT T hf !! arth fe80Urcea from earth orbiting satel- 
land ne ° prtma, T areas of research In the Branch are 
inn nnrt l T ana fl 8me nl, vegetation sdencBS Includ- 
monri2 Ur ^!.? r9alry/ranfleland and environmental 
SSiSS? rem °tety sensed data and ad- 
cateri ia ^? no ° B * B8- AJso - significant effort is dedi- 
cations 1,818 evalua, ion In terms ol appli- 
tiafe !^?i« d0nll,lc uUI11 *- and to specification of 
which Si* Bonand '"formation extraction systems 
» aer aclanUBc a™ 1 resource man- 
PhyaicaJ JISI? 8- An advancad degree In earth or 
vegeSinnl 588 8 re ^ ulr6d wiUl education In the 
'fo^bei^ 80008 ' food uae or environmental mon- 
Preferred. Candidates 
more riS? 8everaJ ywre of progressively 
Wee aiwfm" 9 b 8 0x P Bria nee fa the conduot, guld- 
ProgramsTnrf!? 0mem ot r8mot0 8enaln B research 
ba XounT| d ^ 8ar evld0nce of a strong research 
ure; nd Seating senior research scientist slat- . 

"TSLl F ' 71 ' s » , ouldb0,enll O : 

oS ra,cen,e ' 

"“'inefer applications Is April 30, 1981, 

Saol r JS!!^f , " 0 * 8 «l Fellowship In 
Hu nUvl||I* S U ? lw * ralt » of Alabama In ' 

1881 ,n « tenur*fi^f 1C tl rrtm ? n ' eflBctfvs September 
teheed professorship with 

toaieh anJSJH load duri "fl tea first twoyeere. Re- 
* a °ter ^Sr a r Phya,CB - Peatery science ' 
Iron, uSrS fe)*- 108 - R «earch support avall- 
totojfetillve. Rad8| Pne Arsenal.' Salary " 

? ma ;resean*Vrf2i- ' 'l 3,9 are lnvited to “hd re- ' . 
^ oatoM Pf four references. : ' 

S ada ^eAnS? nIf^ rahlp tanmtttee.Ofnceof 
At Ur^VeraHy of Alabama In Hiinte- - - 

j E ^ al ° Pp0r * u ^ ln a^Poation'and employment': 


Salary $24,41 5 par yr„ 40 hrs. pBr wk. Please re- 
port with ad to Virginia Employment Commission, 
6320 Castle Place, Fells Church, VA, and refer to 
job order no. 34B843. 

Senior Hydrogeologist. Fred C. Hart Associ- 
ates, an environmental consulting firm, fe providing 
technical assistance to the U.S. Environmental Pro- 
tection Agency In their efforts to discover and Iden- 
tify hazardous waste sites, evaluate thalr Impacts 
and design site clean-up measures. 

An opening exists lor the position of senior hy- 
drogeotogfet In our Newark, NJ. office. The suc- 
cessful candidate will have field end management 
experience In groundwater contamination and will 
be responsible for developing monitoring programs 
and alternative solutions to contamination prob- 
lems. 

Candidates should possess an M.S. degree with 
five years Held experience In hydrogeology, or B.S. 
degree and seven years (laid experience In ground- 
water contamination studies. Please forward resu- 
me to: Fred C. Hart Associates, Inc. 165 Washing- 
ton Street, Newark, N.J. 07102, Att: Amelia J. Jan- 
taz. 

Research Associate. Position available July I 
for new Ph.D. adenUstln climatolofly-glaclotogy. 
Work Involves reBBaroh fa Ica-climate synoptic In- 
teractions baaed on analyafe of satellite imagery 
and (Egltal data (Nimbus arid DM9P syalenw) of c 1- 
matologlcel and oryospherlc parameters using mul- 
tivariate statistical techniques. Research 1s per- 
formed fa a cooperative unhrerslty/govammenl lab- 
oratory employing Bdentlste engaged in . 
Interdisciplinary work rotated to the wivironrifenl. 

Position requires experience In analysis and dis- 
play 61 remote sensing data and fa data process- 
ing; demonstrated ability to write solenUto reports; 
background of glacfotoglcal-mBteorologloal field ie- . 
search In polar areas; experience 
of snow cover, sea Tee, arid cloud Conditions from 
visible, IR. and E8MR mlorowave Imagery and dfgl- 
■ tal data; ixpsrlence with multivariate, statistical 

analysis techniques, eapectajl^ewllB^nwg- 

orologloal or related datei sxpflftefg^fo F0 ^™ N 
programming In a CDC Krows^ Waoperenra 
anvironmenl; and research experience m synopw 
enmatotogy and Kte-dlmate fale^n^i^ _ . 

: Safeiy approximately •^lOOWytiBr. 

IncKkflng Vitae end three tof^iws^d be ad- 
dressed to Dr,’ p. 0- Bariy. CjRg, Can^uB^x 
449 : Unhferalfr of Colorado, Boufeter, CO 
■ The UrtveSlji of Colorado, !s an equal opportunl- 


Patrology/QeochemlBtry, Unlveralty ol 
Hew Brunswick. The Department ol Geology 
haB a tenure track position available tram 1 July. 
1981 , at assistant professor or higher level. The 
successful appllcanl will be expected to teach both 
undergraduates and graduates as well as carrying 
out reaearch and supervising graduate students 
This position la in addition to one currently adver- 
tised for a rock mechanic or geochemist. 

The applicant should havo a background In pe- 
trochemistry and petrology and should bo prepared 
to teach In some aspects ot petrology and goo- 
chemistry. The successful applicant will be respon- 
sible for supervision of analytical facilities including 
an X.R.F. 

Applicants should have a Ph D. and preferably, 
post doctoral experience. Applications including a 
curriculum vltao and names ol Ihrae referees 
should be sent to P. F. Williams, Chairman, Depart- 
ment ol Geology, University ol New Brunswick, 
Fredericton, N.B. E3B 5A3. 

Qaophyalbist. Applications invited lor a tenure 
track position at the assistant or associate profes- 
sor level, beginning August 1981 . Successful candi- 
date will be expected to develop graduate courses 
in area of expertise and to leach undergraduate 
geophysics. Although all areas of geophysics will 
be considered, preference will be given lo profes- 
sionals with teaching and research interests in seis- 
mic stratigraphy and petroleum exploration. 

Departmental equipment includes a refraction 
seismograph, resistivity meter, gravimeter, magne- 
tometer, poromeier. and parmamelor. The candi- 
date will have the opportunity to substantially add 
to his or her equipment needs. 

Present computer facilities include a DEC 10 and 
an IBM 36Q-44. while a PK 3240 system with 18 
megabytes capacity Is under devotopmeni 

ODU Is a state-supported univarsity serving near- 
ly 15,000 studenla and is situated within (ho sevon- 
city Hampton Roods metropolitan nroa that is na- 
tionally known for its historic, recreational, and cul- 
tural lacllltles. 

Salary commansurale with experience and quali- 
fications. Send vilae. a briel discussion of research 
Interest, and arrange lo have three letters ot refer- 
ence by April 10, 1981 lo Dennis A. Darby. Chair- 
man, Departmenl of Geophysical Sciences. Old 
Dominion University. Norfolk. VA 2350B 

An affirmative acllomequal opportunity emptoyor 

Faoulty Position In Physioal Oeoanogra- 
phy. The Department of Marine. Earth and Atmo- 
spheric Sciences at North Carolina Slate University 
invltos applications tor a nine-month, hard money, 
tenure track position at the assistant or nssociato 
professor level for a physical oceanogrnphor. spe- 
cializing in iha numencal modeling of oceanic 
flows. 

Applicants should have a strong background In 
geophysical fluid mechanics and me abilities to de- 
velop a tended research program and graduate lev- 
el courses Presently tended areas at NCSU in- 
clude estuarine, coastal and deep-water oceanog- 
raphy 

Send curriculum vitae and ilia names of three 
references by March 31. 1 98 1 Id Professor G S. 
Janowltz. Chairman. Search Committee in Physical 
Oceanography Department 3! Marine Earth and 
Atmospheric Sciences. North Carolina Slate Uni- 
versity. P 0. Box 5068. Raleigh, NC 27650. 

North Carolina Slate University is an equal dp- 
porhinity/aflirmatlve action employer. 

Purdue Unlvaralty. A tenure track appoint- 
ment In the area of surveying and mapping Under- 
graduate leaching in the aree9 of basic surveying, 
adjustment computations, and introductory pheto- 
grammslry'phoio interpretation; Involvement In 
teaching graduate leva! courses, and in existing 
and new research programs 

Preferential consideration to candidates with a 
Ph.D. and fend surveying registration (or In the 
process of getting such degree and registration); 
rank and salary are open and depend on the expe- 
rience and qualifications of thB applicant. 

Send resumes, by 15 April 1951, lo Head, 

School of CIvH Engineering. Purdue University, 

West Lafayette, IN 47907. 

Purdue Is an equal opportune tyyaffi relative action 
employer. 


Direct on Meteorology Division, Air Pores 
Qeophyslos Laboratory. Air Force Geophys- 
ics Laboratory invites applications for the position 
of Director of the Meteorology Division located at 
Hanscom Air Forco Base, Massachusetts. The Divi- 
sion Is responsible for Air Force research and de- 
velopment in meteorology, atmospheric physics, re- 
mote and direct sonalng technology, climatology, 
and refativa technologies. The division director pro- 
vides overall direction lo an R&D program which 
employe over 80 people and covers a broad range 
of in-house and contractual scientific investlgolion. 
A candidate should have a record of distinguished 
achievement in meteorology/atmospheric physics 
as a research scientist and manager of a substan- 
tia] RfiD unit. This position Is Air Force Senior Ex- 
ecutive Service with a salary range of $52,247 to 
$57,673, subject to currant $50, 1 12 celling. For an 
application package, call collect: Robert Elferin. 
(617) 861-2598. To bs considered, applications 
must be returned by 30 April 1081 . 

Equal employment opportunity employer. 

Research Assoolstei Colorado Stale Uni- 
versity. The Department ol Civil Engineering. 
Colorado Slate University, Hydrology and Water 
Resources Program, invites applications for a posi- 
tion as research associate. The Initial appointment 
is for two years with the possibility ol extension be- 
yond that period. 

The applicants must havo en M.S. with a back- 
ground in hydrology, groundwater hydrology, or wa- 
ter resourcos. An fnterasl fa tho areas al (low 
through porous media, stream-aquifer Interaction, 
and groundwater modelling is desired. Preference 
given to poisons with experience or strong mtorosi 
in numerical analysis techniques and modeling us- 
ing digital computers. 

Tho successful applicant will become a member 
of a research group actively involved In both basic 
and applied research on conjunctive mnnagomont 
ol surface and groundwaters. 

Application Closing date: April 15. 1981. Position 
available April 30, I OBI Salnry is negotiable 

Send application with resume, grodunte under- 
graduate Irnnscripla. and names ol two references 
to Dr. H J Moroi-Saylaux, Chairman of Search 
Committee, Deportment ol Civil Engineering, Colo- 
rado Stele University. Fori Collins. CO 80523, 

(303) 491-6549 or (303| 491-5448. 

CSU is EEO/AA employer E O Office. 314 Stu- 
dent Services Building 


Chemical Oceanographer. Research associ- 
ate, M S.. marine organic geochemistry and its ro- 
tation lo ocean productivity. Cooperative Institute of 
Marine and Atmospheric Sciences. University ol Mi- 
ami and National Oceanic and Atmospheric Admin- 
istration, contact Chairman Search Commuted, 

D K. Atwood. NOAA AOML. 15 Rlckenbacker 
Causeway. Miami. FL 33140 


Faoulty Appointment/Colorado State Uni- 

varsity. The Department of Earth Resources. 
Colorado Slate University invites applications lor a 
tenure track appointment with emphasis on active re- 
search experience in remote sensing, and an interest 
in teaching graduate ana undergraduate students 
beginning September 1981 . The candidate is ex- 
pected to have a Ph.D. degree in geology, watershed 
sciences or in a related lietdand is expected to de- 
velop and maintain a vigorous research program with 
special emphasis on iha application of state-of-the- 
art remote sensing techniques lo the investigation of 
natural resource phenomena The candidate Is ex- 
pected to teach undergraduate and graduate 
courses in the application ol remote sensing to natu- 
re! resources. 

Rank and salary are open and dependent on expe- 
rience and qualifications ol the applicant. 

Applicant ere invited lo submit curriculum vitae, 
three letters ol refs ranee and a feller describing re- 
search and leeching interests to Dr. H. S. Boyne. De- 
partment ol Earth Resources, Colorado Stale Uni- 
versity. Fort Collins. Colorado 805231(303) 491- 
5298. 

Deadline for receipt of appTicallons is April 1 5, 

1981. 

CSU fa an EO&AA. E.O. Office: 314 Student Senr. 
Bldg. 


The Aurora in Science, 
History and the Arts 


* A definitive work on the Aurora Borealis 
by Robert Eather 

* Reveals new material 

and points oul iha dfeecttori ol future research 

* An Invaluable work . t . 

spanning ffwareu. of ptanetofagy. Kriar and 

interplanetary physics, meleorology, geomagnotfem. mogneiospheric 

physics and Ihe htstoryol science. 


List price $49.00 
Special member price 
$29.40 


• clothbound • fully illustrated • 106 color plates • 324 pga. 


Ordor from. 


American Geophysical Union 

2000 Florida Avenut, N W. 

Washington. D.C 20009 . 1 


Ontar* undo $30.00 mud be prepaid. ; Call Toll Free 800-424-2488 
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Faaully Posit I oil's ynop lla Mi t aerology. Ths 

r2 ly 01 Mflfy,flnd invif ®3 appliwitons from 

,0, a tonuro f acu'ty position 
**Mciato professor level, com- 
mancing fall 1901. Condidales musi have a Ph D 

2252V 0r re,a,od 0f0a3 and have an area 
SjPSJS!S n Byncpllc and dynamJ c motaofol- 
ogy. Taaewng ojporfence la doairohro. The suc- 

Sn,rrt C ?, nd . ldal8 w1 " ^ 0 *P° ct «l to leach primor- 
Kh ® 0V0 COu,s ® 8 ,n synoptic moieoroiogy 
an acllV0 r050arch Pfogmm Sntery 
commensurate with qual.rcatloiw and e/pa- 

AH appficanls should send currlcuJum vitae, a 
ehei sfaiement of research Interests and names 
eotfiesses and telephone numbers of three proles- 
atonal references to: Professor Ferdinand Baer 
of Meloofotofjy. University 
C °/ tefle PB,k> 20742. CfOS 

mg date for appHcabon9 Is Apniis 1901 

h, of Mafy,and ls * n oppoifuni- 

ty-affirmalwe action employer. 

ZXSZSZX*- Tho Apartment of Geotog,. 
cal Scioncos of the Slate University ol New York at 
Abanyii'wi os appiKMtrons lor a (enure track faculty 
Si aiiho ^T' 1 . 1 **. BV ^ b,e f, °^ SeptembeM, 

augment studies in these fields Salary w,n be 


goiiti)ie. Letters should be addressed to: Professor 
Kevin Burke, Chairman. Department of GBOtogfcal 
Sciences. &'o Personnel Department, State Univer- 
sity of New York at Albany. Albany, N.Y., 12222. 

SUNY at Albany la an equal opportunity/affirma- 
liva action employer. Applications from women, mi- 
norities and handicapped are especially welcome. 


COURSES 

MSA Short Course on Kfnetloe of Qoologl- 

aal Processes, TheMlnarafogloalSodatyol 
Amorica will sponsor a short course fn Kinetics of 
Geological Processes, prior to lha 1081 AGUSprina 
Meeting in Baltimore. Maryland. This Bhort course, 
organized by Tony C. Laaaga andR. James Kirk- 
patrick. will be held from May 22-24. Speakers and 
topics 10 be included are: Inlroduclton to Rate Theo- 
ry-Glo&aJ Kinetics-Geochemical Cycles. Antonio 
Tony Lasaga. Pennsylvania Stale University: Irre- 
versible Thermodynamics in Petrology. Qeoroe Fish- 
er, Johns Hopkins University; Diffusion, David Ander- 
Son, University of mmols; Translllon Slate Thuoiv 
andDefacI Structure ol 6llicales, Tony C. Lasaga 
Pennsylvania Slate University; KlnoHcs ot Nucleallon 
andGrowth In [gnoous Processes. R. James Kfrk- 
pairtk. University oi Illinois; and Knellca of Weath- 
ering and Dfogenesls, Robert Berner, Yale Unlversl- 
Z. . l^L tonaMnfarina,lon and registration forms, 
contact MSA. 2000 Florida Avenue, N.W , Washing- 
ton. DC. 20009 (telephone: 2021482-6813). Regis- 
tration deadline: March 31, 1B01. " 


Ground Water Modeling. Workshops In 
Ground Wafer Modeling are scheduled to be held 
INs spring at the Holcomb Research Institute, But- 
ter University. Indianapolis, Indiana. The workshops 
feature the Institute's International Clearinghouse 
for Ground Water Models, which stores over 300 
computer annotations of ground water models 
throughout the world. The workshops, co-spon- 
sored by the National Water Wall Association, 
range fn complexity from basics In computer model- 
ing to adaptation of the Prlckelt'LonnquIai Model. 

Dates for the 1901 workshops are aa follows: 

Part I: An Inlroduclton to Modeling Ground Water 
Flow and Transport, May 27-29; Part II: Mathemat- 
ical Foundations and Computer Impfamentetlon of 
Ground Water Modeling, June 1-6; Perl III: Analyt- 
ical Ground Water Modeling, May 18-22; Part IV 
Adaptations of Ihs Pricketttonnqulsl Model. June 

Instructors for Parte I and II are Dra. James Mer- 
cer and Charles Faust, GeoTrans, Inc., P.0 Box 
28®, Reaton. Va.. 22080. Telephone (703) 436- 
44M. rnsl/uofora far Parta III and IV Include Thom- 
as A. Prlcfcett, Special Consultant to Camp Dresser 
and McKee, Inc., and William Waiton, Camp Dress- 
er and McKee, 302 E. John St.. Suita 1700. Cham- 
ps II., 81820, Telephone (217) 384-4374. 

For more information on course content, contact 
mslnictora. For more Information on workshop ac- 
Mmmodatlons, foglallca, etc., contact Annabelle 
Paul or Rtehsrd Hyde, Holcomb Research Institute, 
Butler University, Indianapolis, in., 48200. Tele- 
phone (317) 2B3-9555 by April 30, 1981. 


Ho : 4011 Invewlon Methoda In R. 
mote Sensing, Alexandria, VA msv?« 
22, 1981, Tha courae ia Intended’io provided 
basic understanding ol the concepts Sid ' SfSi 
view of applications of the IncreasKmSl^’ 
field of inversion methods In remote! sou 
Is structured to benefit those Invoked inSff 
retlcal, experimental, data analysis, and 
men aspecta of remote sensing exprZTiK 
mon tor the atmospheric constltuenis and pJooer 
Mea from ground, airborne, or space 
ff*"**. Ifmliatlona. and futwe piKcta of*" 

Dra M^hehir^ *? ?. i9clJSSed - lr So£ m\ be 
ura. M. Chahlne, B. J. Conrath. A. Deeoak B m 

W. L Smith, D. H. Steeling R 
Westwater. Registration fee Is $480 oo 

Cour8B ^mpleuon will be award, 
ed to those who complete each course. For farther 
totomnadon, contact: Nancy Reynolds or Sue 
Crotta, Courae Coordinators, IFAORS. P.O. Box P 
Hampton, Virginia 23860 (Tel: 804^827-681 ]) ‘ 

SERVICES 

SS? lUv^Stan^he 

degree from (he USSR Academy of SctenrSlS 
tote for the History of Science and S * 
*** senior editor and researcher at the Soviet 
Geophysical Committee In Moscow Has written n 
= fl,aph ^ flrtlc,es ,n her «eW e.*^ 
b00k3 ' Conlacl E - Mlljullna, 111 EH- 
wood Street apt. 6E, New York City, NY 10040. 



Meetings 





Understanding Basin Hydrology 

A symposium on iho undemanding ol hydrofoolc nrn 

mon R Ji lh ? b S Sln SCfl, ° W “ I ba KuSdS Si- 

m 6 n Bolivar in Caracas. Venezuela, January 1 1-14 iggp 

: d robus,noss of calchmont modaling. 

«rU e «f ympasJum convened by iho university's 

SGST* ssw» 

Basaltic Magmatlsm and Volcanlsm 

TypeT^!! n bVh fl t S ^ ,h n 9 QnaraHon ol Major Basalt 
August 15-22, 1982 BasalHc maom^i Jceran ^. In R eyJgavik, 

,obepr “ 

Basalt Reeling 3 ' a J i0n , to ™ S ' 

cal InsKlute. 101 Re^avfMce^d 5 N ° rdlC Vo,can °'°9f- 

Satelllte Doppler Positioning 

0 h " Sale,,il8 °°PP'er 

K y b cr 6 e r eMap ^^ 9 ™^ 

p.ar Sorts' j&razs ^ 

center. 6500 Brooks"^ N.% 


_ agu 

Congressional Science Fellowship 

< oniirortS v “ ar ,,n lho staff ( ,f a 

In 'I'lm,' "h, 1 ; ^„ VI ' 1 , V ,r, ’ ad ba< k 8 f ouncl 

wt>II with puiiplc from diviUo,m.f ,t? ' f u* 1 ab,e to ™^ 
I'nor *'X|n*rli»tui. In otiHljr nr.li! ,r ■ LSS, ° na baclc 8 r "Mncls. 

n no« nun? wary, a l- 

•W*Vi«K>i .ii-nri- to ihu sAfuiiun f em "/ 1stral >le mterosl in 
itrahfu. sorutuin of public problems is de- 
plus imlelXwancesT WMh '* 3 s,i P ond of to S25,d00 

Dt*adJiirt;^jr C h 31,1981. 


International Mars Colloquium 

The Jet Propulsion Laboratory and the California inqiiiuta 

on Ma 3 ^^ Wi ?° Sl ' he ™ rd 'nlamatlon“Sm " 

SHSSSr 

el Propulsion Laboratory, Pasadena CA 9 i inq infnrmn 

“ ll | ,qUlU,n ' S a 8 enda KpS-f^r 3 - 

The organizing committee includes Ardon i Aihoo o’ 

Tz r r P ^ e ^ M - ^ L A Dev; Ray - 

sssrsE* 


Rainfall and Runoff Modeling 

Ina^tllhoh w°^M? y ? lp0S,Um 0n Ra| nfall-Runolf Model- 
Pin nnaH^f at Mississippi state University May 18-21. 

Jons for nfnm 8 ^ 38 ° n u ar8 r9VieW 0f pre9ent mode,s ' direc - 
seem innil hT 8 » 9 arc 5 ' and ^P'emenlary elements ol 
seemingly different modeling approaches. 

chflS l |r n mn^n t0p,C ? t0 be covered arQ hydrologic data, sio- 
St f ream ,,0Wl 0 vapotransplratlon model- 

lt' ? ,ln9 of wat0rahed run °ff. «ood routing, 

J^erahed I sediment ydeid, modeling In forest and urban en- 

matniu ® na . ,ysls of hydrologic extremes. Approxi- 

S2 SC ^ lcal Presentations are anticipated. 

tnr Iniar d i° na 2 formallon contacl Vi i 0 y p - Singh, Direc- 
n 0 :^ na ^ a ' S , ym P os,u - on Rainfall-Runoff Modeling, 
Department of Civil Engineering. Mississippi State Universl- 

p^hon^ 601/325 3 3t^50^SS^* SSlSSlPPi S,at3, “ S 39762 ‘* 


assembly travel 


en Ufi^^sBmbly^nt^m^hon^Assodation^of Meteorology and 
Hamburg, Germany 

*■* M “" e “tiss is-ar - 

Edinburgh, Scotland 


f eJeCted 08 0fficial lravel a 2 ent f° r 

vlnr J’ - W - Woshi "Slon, D.C. 2ma ,ZenhoZ Sen ' , '“- Inc - ^25 Connecticut 

rrom home city io New York (Wk'\ 

^NorthS 1 f 1 [ i Sh N d su P r APE * Lol Ihflt c!?l» Mfld i'n dd "°" /nres Qndl in some instances, super 
daily InnT ^ lrf,n ff has direct sen-ico frojn Now yjS, ? c ° n J unchon with transatianfieflight. 

OVBr on ,h0 data? ' h,C,i ,S !i,n ,mvos ' be used to have ^passengers traveling 


lAGA/Edlnburgh 
^ugust 1 / FK/Presln-ick 

August 16 Prestivfck//FK 


NW #30 deport WO™ aSv eAUSUS i 2 8:00 AM 
H aruve same day 4:50 PM 


Super-APBX: $549.00 Group: j526 . 00 
IAMAP/Hamburg 

August 15 /PK/Hambure PAA #inj w i* 

:23S!5 ^ SSSSSS Ausust iB ■ 12 - 00 — 

2 ll fW#30 . depart PM arr ! ve 8 ™ B 12i35 PM 

8 23 Hun 'burg/JFK - NW #31 deprirt 12 - Jpu ^ rr ! ve August 15 9:3 0 AM 

Super-APBJC: $ 6? s 00 ' r,„ > , ™ amve ’°™dpy - S :25 PM 

first class and reguiar ibo^SS'S— ° n N ^ }: $5 ^.00 ' ; i:' r ’ : f, ; f V. ; 

0cono ^y/qres are ayql^b^ ' ' •• V' 5 •• •; - 

'' '"'' I 'il 1 1 I''-’ ’ " I 1 ' 1 ''''''V' •• , '. i • .• 
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Sedimentology Congress Slated for 1 982 

The 11th International Congress on Sedimentology, 
sponsored by the International Association of Sedimentolo- 
glsts (IAS), is scheduled for August 22-28. 1982, at 
McMaatar University In Hamilton, Ontario. 

Among the topics to be covered at the meeting are Ar- 
chean sedimentology, deposition and diagenesis of evapor- 
Ites, low-temperature geochemistry, geomorphology of de- 
positions! landforms, environmental sedimentology, sed- 
imentology and plate tectonics, deep-sea sediments, and 
deep burial dlagenesis and maturation of organic matter. 

More than 30 field excursions are planned, and they are 
listed In the first circular. For additional information about 


the field trips and the congress, write IAS Congress 1982, 
Department of Geology, McMaster University, Hamilton 
Ontario L 8 S 4M1 , Canada, ffi 

Mechanical Behavior of Salt 

A special conference on the Mechanical Behavior or Sait 
will be held November 9-1 1 at The Pennsylvania State 
University. The conference Is sponsored by the university's 
Rock Mechanics Laboratory in the Department of Mineral 
Engineering. 

Tentative plans are to devote a large proportion ol the 
program to the topic of laboratory testing ot salt, including a 


review ot current testing methods and the development of 
models that describe mechanical behavior. Designing stor- 
age caverns and stability monitoring is atso an agenda top- 
ic. 

Chairmen for the conference are H. Reginald Hardy, Jr., 
director of the Penn Stale Rock Mechanics Laboratory, and 
Michael Longer, Bundesanstall fur Geowissenschaflen and 
Rohstoffe, Hannover, West Germany. 

For additional information, contact Hardy, Rock Mechan- 
ics Laboratory, Room 1 1 7 Mineral Sciences Building, The 
Pennsylvania State University, University Park, PA 16802. 
Participation in the conference Is restricted to persons who 
are actively Involved In the field, 


Geophysical Year 

(Boldface Indicates meetings sponsored or 
cosponsored by AGU.) 


March 19-20 Tectonics and Ore Deposits 
Symposium, Tucson, Arlz. Sponsor, Ari- 
zona Geological Society. (John Reinbold. 
Conferences and Short Courses, Unfv. of 
Arizona, 1717 E. SpBedway Blvd., Tucson, 
AZ 85721.) 

March 23-24 Space Science Comes 
o| Agei Perspectives In the History 
of the Space Sciences, Washington, 
D-C. (Rita Bobowski, Public Affairs Officer, 
National Air and Space Museum, Smith- 
sonian Institution, Washington, DC 20560). 
March 23-27 International Symposium on 
Quality of Groundwater, Noordwljkerhout, 
The Netherlands. Sponsors, Unesco, 

World Health Organization, Commission of 
European Communities, International As- 
sociation of Hydrogeofoglsts, IAHS. (ISQG 
do KM, P.O. Box 30424, 2500 GK The 
Hague, The Netherlands.) 

March 24-28 Symposium on the Cerro 
Prieto Geothermal Field of Baja California, 
Mexico, San Francisco, Calif, Sponsors, 

JK ^Pfrtment of Energy, Commission 
rtn? , 0 Electr lcldad of Mexico, Unlv. of 
Qallfomla, Lawrence Berkeley Laboratory, 
^vemer Schwarz, Univ. of California, Law- 
nhA 7 Be * e,0 y Laboratory, Earth Sciences 
Annie Bark 0 le y. CA 94720.) 

° , Chapman Confercnoc on 
the Oceanic Lltho- 
JSP* ^ rlle House, Warrenton, Va. 
Cjw AGU. 2000 Florida Ave., N.W., 
Al V“ h,nfl ton, DC 20009.) 

slum l Q _ 1 Second Intsrnatlonal Sympo- 
tmib^c 1,8 Measurement and Con- 
Snonef 0 1 ce and lnd ustry, Si. Louis, Mo. 
Enow 8 ' American Society of Mechanical 
Naitn^l' nstrum0nl Society of America, 

01 Standa rds. (Prof. WII- 
30 chrS ll Alden Re8earch Laboratories, 
April st -. Holden, MA 01520.) 

Hatinnu A 'ntarnatlonal Symposium on the 
(Prof e ^ c A an d Trench, Athena, Greece. 
Malum « S ‘.J U9U8,l,hl8 . International Sym- 
BSHf. 5® Hellenl ° Are and Trench, 
Er fl l Tec Q hn,cal Unlv., Department of 

C o^ y S tr ° 9r ^ hy - Qeol ° s y- P ' 0 ' 

M 14^?’ w h f nB ' Qr8BC0 -) 
ConfamJ" 8 ' 10081 Watar Conservation 
Cs7 r^ Publlcly ® u PPfl®d Potable 

ffl Vta.Tr. r ' ° 0l °- S ' )0n8or ' EPA - < Na - 

A l a&j c ’ wx Box827 - R ° ck - 

oflhatoUS 81 ^reposium on the Effect 
'"9 SyateSf h *, re on R adIowave Propagat- 
Ale xandria. y a . Sponsor^ ' 

Air Force 

Dode^iat iS? r S ory - < F - D - Clarke, NRL 
, tan, Dc 2 m 7 ^ 6 0verlo °I < Ave., Washlng- 
Aprll 28 ^qZ 6) -i‘ , 

Sludlason Sh? 08 on MultldlscipllnaiV , 

Cntario, Canad«°Q ^ amea ? a y,Ciielph, j 

Cualph, (ipiiS 0 ™"' Unlv , d f • 
Rasourca - % apartment of. Land 


oiudss on Uuril wiuniaiscipimary 1 

Cntario, Canad«°Q ^ amea ? a y,Ciielph, j 

Cualph, (ipiiS 0 ™"' Unfv ' d f • 
R 08ourca <wjl! - i Department of. Land 
ie yjj? 8 . Cnfario Agricultural 

Aw'IS 1 Phi Quelph, :fr"^ ■ 

^^ y 4 itarS ^- a l Rocl< y i ■ 

Conferanofe, Laraitile,- 


Wyo. (Peter Huntoon. Department of Geol- 
ogy, Univ. of Wyoming, Biox 3006, Lara- 
mie, WY 82071.) 

May 4-5 Seminar on Non-Sandstone Ura- 
nium Deposits, Golden, Colo. Sponsors, 
USGS. U.S. Department of Energy. Bendlx 
Field Engineering Corp. (Geology Division, 
Bendix Field Engineering Corp.. P.O. Box 
1569, Grand Junction, CO 81502.) 

May 4-8 13th International LI6ge 
Colloquium on Ocean Hydrodyna* 
mica, U6ge, Belgium. Sponsors, IAPSO, 
Unesco Marine Sciences Division, EGS, 
Intergovernmental Oceanographic, AGU. 
(Jacques C. J. Nlhoul, University of Lidge. 
Mec&nlque des Flufdes GSophysiques- 
Envfronment, B6- Sart Tflman, B-4O00 
Liege, Belgium.) 

May 6-19 Annual Meeting. Mexican Geo- 
physical Union, Manzanillo, Colima, Mexi- 
co. (Union Geoflsica Mexicans, Comlte 
Reunion 1981. Institute de Geofiscia, 
UNAM, Ciudad Unlversltarla, Mexico 20 
D.F. Mexico.) 

May 10-16 The Structure and Develop- 
ment of the Greenland-Scolland Ridge; 
New Methods and Concepts, Bressanone, 
Italy. Sponsor, NATO Advanced Research 
Institute. (Svend Saxov, Laboratory of 
Geophysics, Aarhus Unlv., Rnlandsgads 
6-8, DK-8200 Aarhus N, Denmark.) 

May 11-13 Annual Meeting, Canadian 
Geophysical Union, Calgary, Alberta, Can- 
ada. (P. J. Savage, Pan-Canadian Petrole- 
um Ltd., P.O. Box 2850, Calgary, Albarla, 
Canada T2P 2S5.) 

May 11-15 19B1 Seminar on Tropical Cy- 
clone Hydrology Miami, Fla. Sponsors, 
WMO, NOAA. (Allen F. Flanders, National 
Weather Service, 8060 13th SI., Room 
506, Sliver Spring, MD 20910.) 

May 13-20 IUCRM Symposium on Wave 
Dynamics and Radio Probing of Ihe Ocean 
Surface, Miami, Fla. Sponsors, NOAA, 
NASA, ONR. (G. Valenzuela, Physical 
Oceanography Branch, Environmental Sci- 
ences Division, Code 4344, Naval Re- 
search Laboratory, Washington, DC 
20375.) 

May 14-15 27th Annual Meting of the Insti- 
tute on Lake Superior Geology, EaBt Lan- 
sing, Mich. Sponsor, Michigan State Unlv. 
(F. W. Cambray, Department of Geology, 
Michigan State Unlv., East Lansing, Ml 
48B24.) _ , 

May 18-21 Rapid Excavation and Tunnel- 
ing Conference, San Francisco, Calif. 
Sponsors, American Institute of Mining, 
Metallurgical, and Petroleum Engineers. 
American Society of Civil Engineers. 

(R. M. Orloglo, Assistant Conference Man- 
ager, Society of Mining Engineers, Caller 
No. D, Littleton, CO 80123 .) 

May IB-21 Tha International Sympo- 
sium on Rainfall-Runoff JlodoHnfl, 
Mississippi State, Mlsa. (V. P. Singh,. Inter- 
national Symposium on Rainfall-Runoff 
Modeling, Department of Civil Engineering, 
Mississippi State Unlv., P.O. Dtawer CE, 
Mississippi State, . MS 39762.) • • ■ ■ *\ ' ' • 

. May 16-21 • Proterozoic Symposium, Madi- 
" ? son, WIs. Sponsor, Department of Geology 
. ' , and Geophysics, Unlv. of VyiBCOnsIn-Madl- 
.... spn, (L. CLMedarts, S?®' 

\':seaoSSES : 

■ • : : 1 Ave;, N.W. 1 ; Washington, OC ?00£« J 

jj r .^5— stfe ■>.; Iritemetton.^) Tdunbrtil Sympo- 


sium 1981, Tsunami Commission of IUGG, 
Ssndai-Ofunalo, Japan. (E. Kajiura, Earth- 
quake Research Institute, Unlv. of Tokyo, 
Bunkyo-ku, Tokyo 1 13 Japan.) 

May 27-29 Canadian Meteorological and 
Oceanographic Society 1 Sth Annual Con- 
gress, Saskatoon, Saskatchewan, Canada. 
(B. E. Goodison, Program Chairman. At- 
mospheric Environment Service. 4905 Duf- 
ferin Street, Downsvlew, Ontario M3H 5T4 
Canada.) 

June 1-5 Second International Sym- 
posium on Inertial Technology for 
Surveying and Geodesy, Banff, Can- 
ada. Sponsors, AGU, Canadian Instituie of 
Surveying, Univ. of Calgary. (Klaus-Peter 
Schwarz. ISS Symposium 1981, Division 
ol Surveying Engineering. Univ. of Cel- 
gary, Calgary, Alberta T2N 1N4 Canada.) 
JunB 3-4 Symposium on the Ecology and 
Management of Reservoirs, University La- 
val, Quebec, Canada. Sponsors, Unesco, 
University du Quebec, University Laval, 
Hydro-Quebec, Society d'Energle de la 
Bale Jamed. (P. G. C. Campbell, Univer- 
sity Quebec, INRS-Eau, C.P. 7500, Sts. 

Foy, Quebec G1 V 4C7 Canada.) 

June 4-5 Eastern Snow Conference. Syra- 
cuse, N.Y. (B. E. Goodison, Program 
Chairman, Atmospheric Environment Serv- 
ice, 4905 Duffarin Street, Downsvlew, On- 
tario M3H 5T4 Canada.) 

June 7-1 1 Eighth Ocean Energy Con- 
ference for Ihe Department of En- 
orgy, Washington, D.C. Sponsor, Marine 
Technology Society. (Harry Irwin, Marine 
Technology Society, 1730 M St., N.W., 
Washington, DC 20036.) 

June 8-10 Internatlonel Geoscience 
and Remote Sensing Symposium! 
Washington D.C. Sponsors, AGU, IEEE 
Geoscience and Remote Sensing Society. 
(F. T. Ulaby, Remote Sensing Laboratory, 
Unlv. of Kansas Center for Research, Ino., 
West Campus, Lawrence, KS 66045.) 

June 14-19 Second International Confer- 
ence on Urban Storm Drainage, Urbana, 

III. Sponsors, Unlv. ol Illinois, International 
Liaison In Urban Storm Drainage, interna- 
tional Association of Hydraulic Research, 
International Association of Water Pollution . 
Research, American Society of Civil Engi- 
neers. (B. C. Yen, Department of CMI En- 
gineering, Unly. of Illinois, Urbana, IL 
81801.) 

June 15-19 International IEEE/APS Sym- 
posium, National Radio Science Meeting, 
and International iEEE/MTT Symposium, 

Los Angeles, Calif. (Prof. N. G. Alexopou- 
los, 7732 Boelter Hall, Department ol Elec- 
trioal Sciences, Urilv. of California, Lbs An- 
gelas, CA 90024.) 

June 23-26 Seventh International Sympo- 
sium on Ihe Maohlne Processing of Re- 
motely-Ssnaed Data, West Lafayette, IrwJ, 
Sponsor, Laboratory for Applications ol 
. Remote Sensing, Purdue Unlv. (D. B. Mor- 
rison, Purdue UnhrAARS, 1220 Potter Dr., 
West Lafayette. IN 47906.} 

June 24-26 International Symposium bn 
Real-Time Operation of HydrosyslemB, 
Waterloo; Ontario, Canada- Sponsor, yVa- 
' tar Resources Group, Unlv. of Watarloo. 

: (T, El Unhy or E. A. McBean, Univ. of Wa- 
' lertop, Dejtartrjnent of CIvfl Engineering, 
Waterloo, Ontario N2L 3G1 Canada.) 

Jirty 8 -Mi Geocongre88 '81 -Soulh African 
: Qeodynarnlca Project and 3rd international 
■ Platinum Symposium, Pretoria, . South Afri- 
ca. Sponsors, GeologlcalSbctetyof South 


Africa, South African National Committee 
for Ihe International Union of Geological 
Sciences, Society of Economic Geologists. 

(The Symposium Secretariat S. 217. CSIR. 

P.O. Box 395. Pretoria 0001 Republic of 
Soulh Africa.) 

July 8-10 National Conference on Environ- 
mental Engineering. Atlanta. Ga Sponsor. 
Environmental Engineering Division of 
American Society of Civil Engineers. (F. 
Michael Saunders. 1981 National Confer- 
ence on Environmental Engineering. 

School ol Civil Engineers, Georgia Institute 
of Technology. Atlanta. GA 30332.) 

Jufy 15-17 Summer Co mpuier Simulailon 
Conference, Washington, D.C. Sponsors. 
Instrument Society of America, (he Society 
for Computer Simulation. (William E Bu- 
chanan, Applied Physics Laboratory. 

Johns Hopkins Road, Laurel. MD 20810 ) 

July 21-23 Chapman Conference on 
Spatial Variability In Hydrologic 
Modellng r Fort Collins, Colo. (Meetings, 
AGU, 2000 Florida Ave., N.W., Washing- 
ton, DC 20009.) 

July 2 1 -30 2 1 si General Assembly of IA- 
SPEI, London, Ontario, Canada. (A. E. 

Beck, Department of Geophysics, Univ. of 
Western Ontario, London, Ontario NBA 
5B7 Canada.) 

July 27-30 Eighth International Sym- 
posium on Urban Hydrology, Hy- 
draulics, and Sediment Control, 

Lexington, Ky. (Don J. Wood, Department 
of Civil Engineering, 206B Anderson Hall, 

Univ. of Kentucky, Lexington, KY 40506.) 

Aug. 3-16 FAG A Fourth Scientific Assem- 
bly, Edinburgh, United Kingdom. (B. R. 

Lea ton, Institute of Geological Sciences, 
Edinburgh EH9 3LA United Kingdom.) 

Aug. 4-7 International Conference on En- 
ergy Education, Providence, R.i, (Donald 
Klrwan, Conference Chairman, Office of 
Energy Education, Univ. of Rhode Island, 
Kingston, R1 02881.) 

Aug. 9-15 Symposium on Variations In the 
Global Water Budget, Oxford, United King- 
dom. Sponsor®, ICCL, IAHS, INQUA. 

(Prof. R. E. Newell, Department of Meteo- 
rology, 54-1520, MIT. Cambridge, MA 
02139.) 

Aug. 10-14 International Conference on 
Basement Tectonics, Oslo. Nonray. Spon- 
sor, Norwegian Petroleum Society. (Roy H. 
Gabrlsteen, Department of Geology, Unlv. 
of Oslo. P.O. Box 1047, Blindem, Oalo 3 
Norway; or Don L. Baers, Department of 
Geology, Fort Lewis College, Durango, CO 
81301.) 

Aug. 10-14 Water Forum '81 : Technical 
State of the Art Exchange, Sin Francisco, 
Calif. Sponsor®, American Society oi CMI 
Engineers, Irrigation and Drainage Divi- 
sion, Commlttee on Drainage. (P. M, 

Meyers, 509 North Roosevelt Blvd., Apt 
D-105, Falla Church, VA 22044.) 

Aug. 10-18 20th General Assembly of the . • 
International Union of Radio Science, 
Washington, D.C. (R. Y. Dow, National 
Academy of Sciences, 2101 Constitution ' 
Ave., Washington, DC 20418.) j-; , ; 

Aug. 17-28 Third ScienWfo Assembly of IA- : 1 
MAP with Extraordinary General Assam- •; :' 
Uy, Hamburg. Federal Repubfic ol G®r- 
many. (S. Ruttenburg, NCAR. P.O. Box • . 
3000, Boulder, CO' 80307.) . 

Aug. 17-18 Open Symposium on Math* ; I 
emattea) Models of Radio propagation, ' 
Washington, D.C. Sporwbr, URSI. (J. R. - ' 
Wall, Bldg. 20, Electrical Engineering De- ; - ' ’ 
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pertmenl, Univ. of Arizona, Tucson, AZ 
85721.) 

Aug. 17-22 Ninth International Symposium 
on Earth Tides, New York, N.Y. Sponsor. 
Columbia Univ. (J. T. Kuo. Aldridge Labo- 
ratory of Applied Geophysics, Henry 
Krumb School of Mines, Columbia Univ., 
New York, NY 10027.) 

Aug 18-21 Second Blonniai Conference 
and Exhibition of tho Australian Society of 
Exploration Geophysicists, Adelaide, South 
Australia. (J. Halgh, Conference Chairman, 
P.O. Box 42, Unley, South Australia 5061.) 

Aug. 24-26 International Symposium on 
Management of Geodetic Data, Copenha- 
gen, Denmark. Sponsors, IAG, the Danish 
National Committoe of fiJGG, Geodaettsk 
Insiiful- (C. C. T8Chernlng, International 
Symposium Management of Geodelfc 
Data. Geodaotlsk Instilul, Gamlehave Alle 
22, ChaTlotlenlund OK-2920 Denmark.) 

Aug. 24-29 Eighth Annual Meeting or the 
European Geophysical Society, Uppsala, 
Sweden. (C.-E. Lund, Chairman Local Or- 
ganizing Committee. Institute of Solid 
Earth Physics. Uppsala Unlvorsfty. Box 
556, 22 UppsaTa, Sweden.) 

Aug. 26-Sopl. 9 Arc Volcanlsm Sympo- 
sium. Tokyo. Japan. Sponsors, Votcanolo- 
gical Society of Japan, IAVCEI. (Daisuke 
Shimozuru. lAVECEf Symposium on Arc 
Volcanlsm, Earthquake Research Institute, 
Univ. of Tokyo, Bunkyo*ku, Tokyo 1 13 Ja- 
pan.) 

Aug. 31 -Sept. 5 Symposium on Geodellc 
Networks and Computations, Munich, 

West Germany. Sponsor, IAG (Deutsche 
Geodflilscho Kammlsslon, Bayarischen 
Akadomfn der Wissenschoften. Mnrstalf- 
plnlz 8. D-8000 Munchen 22.) 

Sopt. United Nations Symposium on Wator 
Management In Industrialized Areas, Lis- 
bon, Portugal (Chairman ol Iho Executive 
Commillco. Inter nail anal Symposium on 
Water Management In Industrial Areas. 
Portuguese Water Resources Association, 
co LNEC. Av. do Brasil, tot. 1799 Lisbon, 
Portugal ) 

Sept 7-12 Third International Symposium 
on Antarctic Glaciology. Columbus, Ohio. 
Sponsors. International Commission on 
Snow arid Ice, International Gteclafaglcal 
Society (institutoof Polar Studios. Ohio 
Stale Univ., (25 S Oval Mall, Columbus. 
OH 43210 ) 

Sept. 13—17 National Water Well Associ- 
ation 33rd Annual Convention and Ground- 
water Technology Education Session, 
Kansas City. Mo. (NWWA. 500 West Wil- 
son Bridge Rd.. Worthington, OH 43085.) 

Sept 16-1 B Ocaam 'B1 r Boslon, Mass 
Sponsors. Marine Technology Society, 
IEEE Council of Oceanic Engineering (R. 
Nagle. Publicity Manager. Raytheon Com- 
pany. 141 Spnng St . Lexington. MA 
02173) 

Sept 17-16 Midwest Meeting, Minne- 
apolis, Mum. (Meetings, AGU, 2000 Flor- 
ida Ave . N W.. Washington. DC 20009.) 

Sopt 17-18 Pacific Northwest Re* 
gional Mealing, Eilensburg, Wash. 
iBob Bentley, PNAGU, Central Washing- 
ton University, P.O. Box 1000, Department 
of Geology. Eilensburg, WA 98920.) 

Sept. 20-22 National Water Well Associ- 
ation 34th Annual Convention and Exposr- 
hon, Atlanta. Ga. (NWWA. 500 West Wil- 
son Bridge Rd, Worthington, OH 43085.) 

Oct. 8-8 International Conference on TTme 
Series Methods In Hydrosciences, Burling- 
ton. Ontario. Sponsors. National Water Re- 
search Institute of the Canada Centre for 
Intend Waters and Water-Resources 
Branch of Ontario's Ministry of Environ- 


ment. (A. El-Shaarawl. Aquatic Physics 
and Systems Division, NWR1, Canada 
Centre for Inland Walara, P.O. Box 5050, 
Burlfnglon, Ontario L7R 4A6 Canada.) 

Ocf. 1 1-1 5 5 let Annual International Mast- 
ing of the Society of Exploration Geophysi- 
cists, Los Angelas, CaUL (William L. Baker, 
Technical Program Chairman, do Chevron 
Oil Field Research Co.. Box 446, La Ha- 
bra, CA 90631.) 

Ocl. 13-16 Division ol Planetary Sciences 
of Ihe American Astronomical Society An- 
nuel Meeting, Pittsburgh, Pa. (B. Hapke, 
Depl. of Geology and Planetary Science, 
321 Old Engineering Hall, University of 
Pittsburgh, Pittsburgh, PA 15260.) 

Oct. 14-1 6 Third Surveying and Mapping 
Colloquium for Iho Petroleum Industry, 
Banff, Alberta, Canada. Sponsor, Canadi- 
an Petroleum Association. (Liz Hampton, 
Canadian Petroleum Association, 1500, 
633 SFxlh Ava., S.W., Calgary, Alberta, 
Canada T2P 2Y5.) 

Ocl. 26-30 Symposium on Quaternary 
Land-See Migration Bridges and Human 
Occupation of Submerged Coasllfne9, La 
Jolla, Calif. Sponsors, Quaternary Shore- 
lines Commission of lha International 
Union lor Quaternary Research, Scientific 
Committee of lha World Confederation of 
Underwater Activities. (Patricia M. Mas- 
ters. Scrip pa Institution of Oceanography, 
A-012, La Jolla. CA 92093.) 

Nov. 2-6 International Conference on Ihe 
Vonus Experiment, San Francisco Bay 
Area, Calif. Sponsor, NASA. (Dr. Lawrence 
Colin, Ames Research Center, Moffett 
Ftefd, CA 94035.) 

Nov. 30-Dec. 1 1 43rd Session of Ihe Inter- 
national Statistical Institute, Buenos Aires, 
Argentina. (Jim R. Wallis, IBM, Research 
Division, Box 218. Yorkiown Heights, NY 
10598; or G. S- Watson, Bernoulli Society 
(or Mathematical Statistics and Probability, 
Department of Statistics, Princeton Univ., 
Princeton, NJ 08544.) 

Doc. 7-1 1 AQU Fall Meeting, San Fran- 
cisco, Calif. (Meetings, AGU, 2000 Florida 
Ave., N.W., Washington. DC 20009.) 

Dec. 18-19 Annual International Meeting of 
Ihe Working Group an Mediterranean 
Ophlolites, Florence, Italy. (Luigi Becca- 
luvs, Islltuto df Potrografra, Via Gramsci 9, 
43100 Parma, Italy.) 


1982 


Fab. 8-12 Third International Geo- 
detic Symposium on Satellite 
Doppler Positioning, Las Cruces. N. 
Max. Sponsors. Defense Mapping Agency, 
National Ocean Survey, AGU. (Richard 
Peat, Defense Mapping Agency, Hydro- 
graphlc/Topographic Center, 6500 Brooks 
Lane, N.W., Washington, DC 20315.) 

Feb. 16-19 AGU Oceanography Sec* 
tlon/ASLO (American Society of 
LtmneloglsU end Oceanographers) 
Meeting, San Antonio, Tex. (Meetings, 
AGU, 2000 Florida Ava.. N.W., Washing- 
Ion. DC 20009.) 

April 19-21 Cordilleran Section, Gsologlcal 
Sodely of America and Seismologies! So- 
ciety ol America Annual Meeting, Ana- 
helm, Calif. (Nell Mataney, Earth Science 
Department, California Stale Univ., Fuller- 
Ion, CA 92634.) 

May 3-7 1 4 th International Lift go 
Colloquium on Ocean Hydrodyna- 
mics, Uftge. Belgium. Sponsors IAPSO, 
Unesco Marine Sciences Division, EGS, 
Intergovernmental Oceanographic, AGU. 


(Jacques C. J. Nihoul, University of Uftge, 
Mecftnlque des Fluidas Gftophysfquss- 
Envlronment, B6- Sart Tllman, B-4000 
Uftge, Belgium.) 

May 7-20 General Meeting of IAG, Tokyo, 
Japan. (I. Nakagawa, Geophysical Insti- 
tute, Kyoto University, Sakyo-ku, Kyoto 
606 Japan.) 

May 10-15 General Meeting of IAG, Tokyo, 
Japan. (M. Louis, IAG, 39 Rue Gay Lus- 
aac, 75005 Paris, France.) 

May 24-June 4 International Solar-Terres- 
trial Physics Symposium, Ottaws, Ontario, 
Canada. (Professor Uu. University of Illi- 
nois, Urbana, IL 81 80f .) 

May 24^June 4 24th Plenary Meeting of 
COSPAR Ottawa, Ontario, Canada. (Dean 
Kastel, Space Sciences Board, National 
Academy of Sciences, 2101 Constitution 
Ave., N.W., Washington DC 20418.) 

May 31 -June 4 AGU Spring Meeting, 
Philadelphia. Pa. (Meetings, AGU, 2000 
Florida Ave., N.W., Washington, DC 
20009.) 

June 27-July 2 Fifth international Confer- 
ence on Geochronology, Cosmochrono- 
fogy, and Isotope Geology, Nlkko National 
Park. Japan. (K. Shlbata, Geological Sur- 
vey of Japan, Higashi 1-1-3, Yatabe, Ibar- 
ski 305 Japan.) 

July 19-30 Scientific Moating of IAHS with 
Extraordinary General Assembly, Exeter, 
United Kingdom. (John C. Rodda, Depart- 
ment of the Environment. Water Data Unit, 
Reading Bridge House, Reading RG1 8PS 
United Kingdom.) 

Aug. 2-13 Joint Oceanographic Assembly, 
Halifax, Nova Scotia, Canada. Sponsor, 
Scientific Committee on Oceanic Re- 
search. (Leo O’Quinn, National Steering 
Committee (or JOA, c/o Canadian Commit- 
tee on Oceanography, 240 Sparks St, Ot- 
tawa, Ontario K1A 0E6 Canada.) 

Aug. 15-21 Fourth International Sympo- 
sium on Antarctic Earth Sciences, Ingle 
Farm, South Australia, Australia. Spon- 
sors, Australian Academy of Science, Aus- 
tralian Academy of Technological Sci- 
ences, International Union of Geological 
Sciences, Scientific Committee on Antarc- 
tic Research, Geological Society of Austra- 
lia, Inc., Univ, of Adelaide. (J. B. Jago, 

South Australian Institute or Technology, 
P.O. Box 1 , Ingle Farm. South Australia, 
Australia 5098.) 

Aug. 15-22 International Meeting on Gen- 
eration of Major Basalt Types. Reykjavik, 
Iceland. Sponsors, IAVCEI, IAGC. (Basalt 
Meeting, do G. E. Slgvaldason, Nordic 
Valcanologlcal Institute. 101 Reykjavik, 
Iceland.) 

Aug. 15-22 IAVCEI and IAGC Joint Meet- 
ing, Reykjavik. Iceland. (G. E. Slgvalda- 
son, Nordic Volcanologfcal Institute, Univ. 
of Iceland, Geosclencas Building, 101 
Reykjavik, Iceland.) 

Aug. 22-28 1 1 fh International Congress on 
Sedlmentofogy, Hamilton. Ontario, Can- 
ada. Sponsor, IAS. (IAS Congress 1982, 
Department of Geology. McMaster Univer- 
sity, Hamilton, Ontario L8S 4M1 , Canada.) 

Aug. 23-27 Ninth Annual Meeting of the 
European Geophysical Society, Leeds, 
United Kingdom. (C. R. Argent, EGS Sec- 
retary, The Royal Society, 6 Carlton House 
Terrace, London SWIY, SAG, England.) 

Sept. Third International Kimberlite Confer- 
ence, Clermont-Ferrand, France. (Fran- 
colse Boudler, Universitft de Nantes, La- 
boratolre de Teclonophyslque, 2 Rue de la 
Housslnlere, 44072 Nantes, France.) 

May or Sept. Scientific Meeting of IAPSO, 
Halifax. Canada. (E. C. LaFond, LaFond 
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Oceanic Consultants, P.O. Box 7325 San 
Diego, CA 92017.) 

Dec. 6-10 AQU Pall Mooting, San Fran- 
cisco, Calif. (Meetings, AGU, 2000 Florida 
Ave., N.W., Washington, DC 20009.) 


July 18-23 Fourth International Conference 
on Permafrost, Fairbanks, Alaska. Spon- 
sors, National Academy of Sciences, State 
of Alaska. (L. De Goes, Polar Research 
Board, National Academy of Sciences, 
2101 Constitution Ave., N.W., Washington, 
DC 20418.) 

Aug. 15-26 18th General Assembly o( 
IUGG, Hamburg, Federal Republic ol Ger- 
many. (P. Melchior, Observatolre Royal de 
Belgique, Avenue Circulate 3, B-l 180 
Bruxelles, Belgium.) 

Aug. 27 Symposium Commemorating the 
100th Anniversary of the Mount Krakatau 
Eruption, Jakarta, Indonesia. Sponsor, 
Indonesian Institute ol Sciences. (Dldln 
Sastrapradja, Deputy Chairman for Natural 
Sciences, LI PI JL, Teuku Chik Dillro 43, 
Jakarta, Indonesia.) 

Sept. 12-14 National Water Well Associ- 
ation 35th Annual Convention and Exposi- 
tion, St. Louis, Mo. (NWWA, 500 West Wil- 
son Bridge Rd., Worthington, OH 43085.) 

Dec. 5-9 AQU Fall Meatlng f San Fran- 
cisco, Calif. (Meetings, AGU, 2000 Florida 
Ave., N.W., Washington, DC 20009.) 


FUTURE AQU MEETINGS 
Fall Meetings 

December 7-11, 1981, San Francteco 
December 6-10, 1982, San Francteco 
December 5-9, 1983, San Francisco 


Spying Meetings 

May 25-29, 1981, Baltimore 
May 31 -June 4, 1982, Philadelphia 


AAPG American Association of Petroleum 
Geologists 

AMS American Meteorological Society 
ASCE American Society of Chemical Engi- 
neers 

GSA Geological Society of America 
IAG International Association of Geodesy 
IAQA International Association of Geomag- 
netism and Aeronomy 
IAHS International Association for Hydrologi- 
cal Sciences 

IAMAP International Association of Meleorol- 
ogy and Atmospheric Physics 
IAPSO International Association of Physical 
Sciences of the Ocean 
IASPEI International Association of Seismol- 
ogy and Physics of the Earth's Interior 
IAVCEI International Aassoclatlon of Volcan- 
ology and Chemistry ol the Earth's Interior 
IUGS International Union of Geological Sci- 
ences 

IWRA International Water Resources Associ- 
ation 

MSA Mlneralogical Society of America 
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3720 Climatology 

10K0-TWW HEADS AMD 8H0RT-TMH VARIABILITY OF THE 
SURFACE OffiROY BALANCE C0HP0HEHT8 AT THE SOUTH 
POLE 

J. J. Carroll LDepirtoaol o( Land, Air aad 
Raaauccea , U&Lvartiiy o( California, Cwvli CA 
9S614, U.S.A.) and 1. W. Filch. 

Baaad mi a nearly cootlmioua data aet oblilooj 
bautaen April 1973 and Dmc«Har W77, a auararV »• 
•aaaoaal raaoa of tha direetlr oaaaured and rali“" 
latad iiirgy rliraaa and rxanplta or Lha (borl-iara 
Idall?) variability In tbt»n ctasponant* in 
raapoaia to changing aynoptlc condition* * r * 
praianted. Tba aaaionally avaragad oba»rvallon» 
am continent with thoae of prnvioua ctodlaa. 
Indicating that throughout non of tha y**r a " 8l 
radiative |oai frea tha aurfaco occura ava raging 
U to 13 Va 1 par year-* In auaner, th* dowwf" 
flo* of heal Iron tba air (Raj eaceeda the nat 
radiation loaiaa by 10 ta 209, reanlltng W 
atotaga of beat m tho deep anowpack. In vlnttc 
tha radiative loaiaa averaga batween H 
20 lb. * 

with Ba aopplylag U to 90S or thle loal and w* 
(awtnlag 10 to 1SX aupplled rrra deep atoraga I* 
Ua a now. 

On dally tin acalea, tha aoergy balanc* 
ponantg ara highly variable, tfiih rangai amr*‘ 
tinea thair long tan Beau- Thli variability 
appear* to rsauU Iron variation in torem 
■aaoclatad with variation! In the I*rl* ,C, J“ 
flow — naanlyi changing larga acala praiavre 
gradient, daudlnaae 1 and variation! In th* “*~ 
(■operator! of tho lower aueoaphera (l.*.. z 3 
1 bo). ^ 

J. Oeophya.Rea,, drain, Fapar 1C0263 ' 


3740 Oaitaral olrauiation . , 

PLANETARY HAV?B. AHQ SOLAR ACTIVITY IX 
• TUB STRATOSPHERE BETWEEN 50 AND 10 
A. BbnL '(inatitut £unr agophyalK- und 

■ Hotooroloqle dor Unlvarnltaot »u -Xoolna 
WOO KqoIti 41; F.R.O.) B. BchWlRtoY . 

•nd R, Labitzko ' 

1 ■ Yho Btraafca.af oalar activity ort tb« 
gocpotantlol; holghl and tanpnratur® 
ruu«. o£ • ; hha| •! SO- ; 30- i .and .10-mbAr^. .. 

autfnch , ^B%oLv«a‘-'l,nto hnnaonl-a 
'• nuho, mro ipv*otlgat*fl. This van con* , 
... &Y *1*571* pCi croaa . dpnotrdi sn* 1 ?*;?.- 1 

■ botWooji'.thBt 30:T-an znfl^aklon oe 

I : 
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•un and planetary wave* up to zonal 
vjvo number three, frequent signLft?ane 
ittpomci of vtrloua harmonic compo- 
nont* in t broad range of oscillation 
(rtquencU* give evidence chat solar 
lecivlty playa » significant role for 
Uis dynamics of the middle and lower 
(trstosphera. oscillation! of tho zonal 
hirrionlcs which arc coherent with solar 
activity fluctuations wore extracted 
Ito the spoetra and recomposed Into 
coherent (planetary) waves. Three waves 
vlth periods of 25 days (near to tho 
sun's rotation period) , 1 3 . 6 d (first 
hsrnonle of solar rotation), and 15.1 
diys Icor responding to the well-known 
IS - 16-day wave in the atmoaflicre ara 
c (Mined in datsll. Thoy show the |to- 
ptrtlos of Fraa planetary modes (11.6 d 
ini 15.1 dl and possibly of internal 
vivos 125 d) et higher latlturtov . Vacil- 
litlon cycles of tho ocon otmocphurlc 
(tite llncludln stationary waves I »oem 
ic- bo Important lor the generation of 
t/i* studied vtvs phenomena. 

1. t*j)t>vs. bei. . ilretn, Faptr HO.'Tl 


'CA CstKisl tliwlstlan 

•ib-v-Ml VA»[ATlM-jg (}l C| .»»,\I SCA I.I.VI I CkClSUVh 
IME J0TAL I1A5S UF THE .MHCWI’Hrii(. 
h.ln t. liuibmti Il.storuiorv for .Mm.>s|.UvrlL 
^ ('•**. Enlversliy of 111 inAU^UrPws, IL 

. «"ual « vc tew of »ou lev.-l and «uriy tf 
Ciiivrat and the ato.- jpi,url.; pruseurc Juv i«. 

‘««r viper kivt beau unnlyiod in Uuuill. bh ljl 
'"d prcuuree undergo .in annual r.clo of 

tf,lh ■ *«Al"nr» In tho r'Vilwm winter . 
-I*.»l lOlfK! pr*«>ur«n, whUh runroeant lha 
'.1*1 rjj t pf [g, n iD.:.apl,ere, aliu undergo an 
J^-ll tvcle af d.J rb rang* bul with lliu ruiAlmuO 
’ the »'>uLh«m blacar . Tha thangas In waiai 
■‘f.r -Koceiursilcn* ero r»ir-onelblu (or tin- 
jlitr— watir vip.,, his a uxliiuai In llm noutlivrn 
“~r. Thi eatatuty Ot th» nnes o( dtv air In 
■ ** • threl on (he accuracy of c. <Bipiil.il Iona. 

®f t* 1 # atBuipliorc it 511.7 « I0»*> 

l rr Kh «Eor of .02 k U»l* kg. Iho 

•• «ipoodlag global aia.in surf.r-o pravnuro ..f 
;~. ,, ?* Pb ' r ' u 9(4 ' ‘■8 Ob. n.a mean torsi 
**■ **** “For la l.) < 10* S kg which 

i“;v ?°j 4l , w JlJ l c, » ol praclplcnhlo water or 
'-••I lal Jf Ml . r gt Q . c< 

uI Pressure and mans ua s 
... - * ™ Istlrud! oru alio prosuntoJ , A *ub- 
oj . . Ohaml erchango af mass occirq liatwoan 

*H (!? v r '* "“ uacLn * fo 0.1 h 10 16 kg of dry 
fwt-- r4n *° ln Xomfspberlc avorngud pressure) . 
\ „ "T Prasium occur la winter and the eurwsr 
Ii.- C«n J**" '* Mrclal, y Conpamaced for b* 
widi n.i' 1 *!*' v,por amoijnii. Tht maxlnun nst 
tl_ t loM !«o»t 5*H In the tr»n»l- 

'!•« are. ' '*'* NoECh^ru Raolspheru, water 

Ll tt i./*” 1 ** ,Dnuj l cycU wlrh s rang* of 


Ll tt cycl! wlrh s rang* or 

I‘j >r> 4 a lunrur naxlnum, and 

.Sul dm to dry sir undorgao* a 

■j lags 5-v | riI18 * 4 ,n4 • winter B*hlnun. 

- ,.?'** 10 *kchangn with tho Southern 
flcjjj *?* ** iu * co cbsngaa In the artl- 

ij| V4 , c M,B u> " 4 te correct from the 

...-I,. « 1,v *l- (Ilsea, praanure, annual 

I. U|1CI, >- 

Creen, Pap v JC0277 


’bmku ,^®*5!ec t s of show albedo 


U ,g'*i 5-^ t > 1 tuM0R oT Oce,no9rlp ^ • 

f* '*»lern , Udi , 2l , {J ,l if inowcovsr on 


^ Mste M bus tnmeovar on 

ta » *°nL Itarth continent 

!' ,la, Win nS ,u l •“< ««»t low praisurs 

2Sr '« coMiSlf!* 


; n, ». ii cootistSl? 0 ** h, ® h pr* 1 ""* 

Uftt-Avaraa.d 

JiJrtfB. « nonUnMi-, prlBltlvs- 

*rr*Mi^! d,1 .!: ,t i *" lOealhsd, flat, 
ik. 4 * ,Cr,b » thli*2^i n understand 

i,2* r, o*l as i iSS! 0 ” r«?° nM r»n- 

kwtiM 'J"?®r«'P«nia to anoulous 
uniuwessful, prl- 

u? r “? t - Thi. ^ «“«* nra also 

“•"Onlln Wr g^"**“Hftn attrapt to datcrlbs 
hS ry toUvalJ by linear 

*"d nwl ^ Hwftarlsons between 
*o»*rolj truncatgd quasl- 
5* 1 ; that *>*« round in these 

■ In . 

■' 0r ^ ,,, ■ p *P“r 1C0275 


r.r", 

(W. 


^ ^ mnn ua* oa 

^ i jfc 4 2 l 2 i *rb r j0t'taaee dorlm, the martin 
^ th! Vising Land,, 

Out. in tha . 


of Hie caloulatloBa b«IKI up*, 

& ■•JSK lB “■ atra-^ '• 

« lo»twUh m b ^ t an “POoonblgi di B . 

I^ 1 Uia * Ml * IwlsHt .of 10 km, ' " 

NraJ^WtldoM «rve, and tbara 

so,t,.„!’» , "« from other -i~-.-T.L- .. 


tlS5*T otbac eicperlMnks 


Mineralogy, Petrology, 
and Crystal Chemistry 


■ F? °" PABTIALL f ®LTPM SOURCE 

w ^ « 

E. Sul par (Uv, Gaol, Pl.net. lei., 

Ckltach, Faiadena. CA 81125) D- Uilk.r. j.h. 

Riger sod J.F. Hay. 

The roepresalbllUy of hgaic ult n I at.oeph.re 
U *bew» a n ord.r of aagnltude higher than thit 
" ■“«!• aisarali. Con.equ.nlly, the density 
csncrsit between salt and (ha prtnrlpel ratldu.l 
tiyitila in mantle source rtgloni (■ eipectad te 
dacraeae with increasing asurc. tsgton depth. 

The iDcra. singly oltvlna-narnatt** chirattar of 
prloary Belts produced at graarsr d.pih. is also 
expected to result to ■ dacr.au i B this d.naitv 
eoncrait wlrh increasing aourc. r.gioa depth. 

tmee vertical pemeabllity 1. established 
by malt generated during partial silting, buoy- 
ancy-driven aalr petcolatlen css undsr Base 
clrcualt antes aagrageta oalt fros tbs residual 
crystals in (la saurcs region on a Biologically 
rapid tloa scale. Units to this precise are 
provided by cooling of tha source region 
(f rearing aslt ln) and rigidity ol the cryirel- 
Una aetrla (uchanlceily trapping ealcl. Sauces 
(aglen else Influsacas than llolt* siranglyt 
conasqusntly, aull, partially aoltan dtaplra 
f-*a In diameter) nay ba able co trap larg* mU 
frictions (;)l)ll, but largar source rsglons 
would be unable to de so. Tha reduction | n den- 
sity contrast with pressure redutsa y» buoyant 
forca driving melt paredetlon and provides 
another ll.it to salt segregation, Plaplrs at 
depth oiy thus otably contain terga tract loti* ol 
salt bul aiy decospraas and unload their oalt 
during ascent ( tbl. allici would b. enhanced ln 
aosll dtiplca and .ay he relevant to tba Rentals 
of iooatllttc .egos. Kilt conpiesilin any also 
ba ■ factor in explaining why the very different 
caxlauo depths Inferred lor typical basic noli 
segregation froa aourcs regions on dlirsront 
planets — -100 Vs on tba soon, -210 ko on Hera, 
-ion go on oartYi — correspond ta ilnllar 
pressures 125-15 kbsrJi it greatar pressures, 
malt tuy no longer ba capable under ordinary 
conditions ol eegrrgnrlng upward* by buoyancy. 
TTils .ay also held to explain why depleted perl- 
dotltas overlie acre fertile perldotltas and how 
deep regions ol the osntlc are able lo rroatii 
ferule ever gaolugtc tlce. (dtiplrs, igneous 
penology, koBStltraa, oil I nlgrstlcn) 

•1. f««*i>, Ml., »(■!, I'.uii'i llpi.'in 


42M) Parugunsal*, pulrogtuphy *nJ pot regents Lu 
BASEMENT PPILLINu IN Cut UE5TLRK ATLANTIC OtEAHl 
1. H.UHA FHACT IONAI ION AMD ITS RELATION TO 
HPI’ITIVE i.HBOnvLOCV 

H. F. J. FlowL-r iliapt. ol 'leal. Scl., Ifnlv. at 
llllnule, Chicago, IL. »Qr.90) p. T. Pob I neon 
Pit co logic /geo elicit Till studies of basalts 
drilled In Creiaiuvua ecuanlc x rust thibP Logo 
51-VI In th* Ua.wuin Itlutk >Jc<n«l «« eyn- 
chestzed in .|»ifitUat Ire me. Jala af ugau frse- 
cltiaatli* aschauliLas. ftom lu.„.i -egairue jo- 
alvsla ,.i wimlu-ruLk. glsee ml (Anoocixai plAxt 
Itpx.au lens 11 Is conxluded that f rjel 1-4141 ■"» 
bv crtaiallliatlun ol ollvlnu, pl-yg1.s.laaw and 
c 1 Inuper.-hciw lnvolv.il jrjvnjilvt scpui*tlor> 
at urlk pi hi sc* frea plagluc laou- flc-iotluo of 
Pl.iplucMse lofuthtr with J Isuqul I ll» luo re-let I vn 
a»rph„ logics uu B govt .r.sl.tlllsjtlon began 
sit.'fi I v alter f«nar*il"0 of prl.ltlve 1l.|'ill-* In 
tit* n.inile. Pulvbar Ic trait It-nnl l-o snJ mixing 
..I derivative Oigau lull. hue are IMIUI*I by 
vvldcnca l-r swllJ-ll'iuld fusel ten jnd Ivw- 
orussure rw-egul I tbrsti. a. Eruptive 'ee-rl«»' 
LojnduJ b» tugnotlc end other strut tgrsphlc 
d leconlluult 1*0 evrreupupd to chisusllv-ief l"oJ 
nagu irjctlonat I .d aides. Tho luiiur probobly 
Jertvo Iron Jtstlntt parental mujea batches 
diet Inguixbed fro. one soother through snail 
diffarancea In .iogree ai partial atUlag. LUho- 
phlle eldsont charset or re fleet a hoqogsnuoue 


phi la eldsont charset or reflects boqogsnuous 
'depleted' source catorul purelstfng during 
■.ruxtal vtutrovtl- n st viw Atlantic cidgu *»'•. 
Tho L bole-rock end glass exlvaugo coopcelt lonal 
avoragus for sruptlvo unlcs ru fleet tbs lapor- 
rants of povt-CTuptlve phenocivat r*dl*tt IhulUn 
and svn -erupt lve cbsngaa In liquid fraction 
corpus it ions, (magas, fractionation, petro- 
g.nasla, ocean crust, lava) 

J. ilrophys. Pes.. ReJ. Isper IB0261 


Oceanography 


4711 Circulation 

SUBTIDAL HUCTUATLOZi OFF IHE NATAL COAST 
E.H. Schuoonn (Nat ions) Rasuatch Institute 
Cor Ocas nol ogy, P.O.tox >7001. Conga 1 Is 
AOll, South Africa) 

Condition on the cone Iran ta I sbslf off tha 
Natal coasc are described In tore* ol rba affect 
on fluctuations la current*, lempsrscurs and 
(to a lioltod ex rent I its level. The results 
of neasurroenta otads st four Boorlag paints 
along the coast ara thin analysed f«r fluctuations 
fn tba 2 to 20 day period range. Tha longshore 
wind component t* ■bovn to pley s zsjor role ia 
the circulation dyoaaics, howt-eor thi effect of 
ropdgrephlt var lac loss aad the asabciatad flow of 
tba Agulhas Currant also serve to produce markedly 
differing regimes. Thus In the norths™ region 
1c is found chat ehs currents ere alrost aotiroly 
wind- dominated, while further eouth oon-locai 
signals propagating Into tha regions ptoiuta a 
dlrfoDt for. of response. The rtesiureseote ar* 
not comprehensive enough to allow rare detailed 
Investigations si to tb* niture of tbell ilgoiia. 
(Conliu.nrel ahair, currsnla, lemperstiirs, wind 
getiu (scion). ^ 

J. Geophyj- Res., Green, Nper IC0122 


4720 DUcrttmtlOH s»d wstsr HIM 
A NOT* ON etdfs in» W «-» BBCTI< ?f„ 
i.a. srw* {Woods Bale Oussno«»Phl 0 WUtuUsn, 

'^laotaXlnae^plottad^Mslnst tesspersture sod borl- 
aootai dlstsnm 

ba ttisd to observe ohsngis in tjia M 

l.tXoBahlp of wator masaai. Using 

addles tarred off tbs flneeU 

touthnat Baraoan or Wlf Jtraso •«»•» 1 

their own individual T-» oho rs uteri* Ho ray be 

identified. 

J. Gaophya. Res,, Gre*». 'Rl* 1 icolU 


S6b JfSms SOTO „„ 

WVEKMTS W WE BEAU FORT SEA HEM FRUtWE BAY, 

JMMteetiiews, (ewpiigJcrtlNlMW*. 

Uni varsity or A»«»Ra. Fslrbanks. Alaiis 997D1J 
Cur fare drifter* h*ye bien released in *ne 
BsaufOTt e SM rwir*Prvd|iM_R^^^ 0 T > JJ|rs4 Coniac- 


Beaufort sea nesr rraunu. . 

utlvi yean, ua Sa tilMie ws 

shore fast »« h»? *">*** “P 


wd«*J**t prior to bree<to- AH flrt twr 




open «to? lesion Although there IWP*U 
^1 isider U» 1« &!BS£± 


Drifter* rtiwied jnt hefB^e U 
travailed Ul« oraatatt dUUpcR* 
the sfcorteel t 
ties close to 10 csi/mo 
and ceraputed tpseds irs^cpn* 


sera parfod. the g UtUtt q drI W* 
re coverlei ire cs»rap«r»t»l • to thoaft f co» 


ipkrse y,, , em . 

released is far » « to«rr?M r «x 

by 
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4740 Marine qialoqlcal pcocssica 

v™mqi nip cccwcm of uAvt .ir.iicpAno ntrii^s 

P. Illelenn [Coastal Studies fnlt, Dbpartrnr.t r.f 
CeaqrSphy, t'n I varsity of £yln a y, 2 . 106 , H.S.N., 
liatrsllsl 

Beiu vepirical rorouloo f*, in* alio end shape 
of land tipples do rived trem in anslyula 
tho «etOT sol xc Meant rCAlMi wot a rtppind b. d 
In osol l Isioiy flow, nit pin phynlcol arvu-ienii 
■haw that rltpla stuapnaco Bh.-.uld iu a ruicllr-o 
nf the nas dtrcnslanxl eheni ntrvea »)■ an.j rbo 
snilo of .arose of tha MJ rsteiisi. All skjll- 
■tlo data socn to siqycirt thi*. TPa neubgnixrj 
Chxt doternlba tba ripple lungth o,o vary <rur- 
ploi, end at laast four non dir fusions I pa,a- 
retaro ero Irfoitmt. Kosovar, (di practical 
P'«VM*n the Tipple 1 unpV 1 < Is wall dnkerrlne'l 
b, tits roil Illy na-tsr .-. y |a rxsontls I ly Ilia 
ratio of the wjtar velocity a-plltulo to the 
ssdtcont aattllnp v»\otlt>. bath ripple lar.ith 
•nd rlppls holgbt era shown to depend rjinly on 
i. whin only quarts lend and natural wavo fortoda 
are xNbSldaaa*. 1(." lorl-oj >..,rjlv> Ju ly -oil 
CO the full ran 70 or f l.-.u con -litlnnx, uhura 
rlpf.iox occur, natural rlpplsg city eeuontlally 
Oil aaro rulm ae lsl>.ryy -I-. rip; -lex. heunver, 
•hty are generally shorter and t lector duo to 
the Irroqulsrlly of natural kS-vB. 

1. '.ci.rln x Hex , r.rcen, P.iwr |l >12', A 


Inil'idu (Ii* inlcr.ictlnq, balweon x>m lea x n j 
aurfh’-u, Jcup And botic-i uni urn olnsg Hi.. 
conllnnnlal nirulnn nrc nendud lo I ry-oiii Igare- 
■ I • is> r-iulnn. 


■ i ■ Ire r-iulnn. 

). iir.ipi r s. |.e‘. t f.rrcn, f.i|.vr U'l'J'l 


47i,5 Tide-- 

iii>ai.li.|ni<x.iii 'nrhiii i et hie i.nnr rihriik 
Bn.F 

P.»ry O.P.i. Th'-r-ptoTi .vndl.l. fWidlnji IlMW 
TiIvIb lur of rixhciriG'. and Oirjn3prcph> , t.0. 

Not 21, ■ ■tiiLulla, LH 223B, A.ixtrol lo) 

The T.nat Barrier Pcof is similar tn xoro 
"thar torsi roofs in growing rlgM up in the edge 
of |h. shelf In a region of nutrient-poor surface 
water, bul larga tides, it is Huggcslcd th.it rlie 
resultant siren# c tilal enr rents sue! In nulrlcrir- 
rlch water frt'.T th»- nuily doep wotrr. lhu 
nuir long* cr.iild encourage (he reef to grow 
vigorously ul |he edge of tha shelf, tiso 
abiorwjrloiii ]n Cook'd Passage (Id tll’ll'EI 
wara aide lo till tba concept and are cntwrjjlng. 
nidi: euc 1 ion, reef nutrients, upaulling] 

J. lloophyi. Rc-I. . r.rdon, Pspar 1 MOSS' 


4760 Son lea 

SEA ICE. WINTER b'NVFCTIUN AHD HIE IF.-fPFKAH'PE 
HI.UmJH LAYER (X THE SOUTHERN vCEAN 
John H. Toole (Pacific ILirlno Fiilioiuirnlil 
Ubaratory, 3MI rth Avn. HE, S'-Jttle. Mg nPllPii 
The structure ot tho oe.it surface water* In 
the Southern O: sen, poleujrd al the Aniarrtic 
Polar Front, Is Invest l piled with i three dir. 1 - 
alonal tide dupvaiant oeutl'tl » >k'1 which 
taeolyua tho annual nos leu ry c ia, Tliu Krouth 
and dsc.iv of tho U« fluid l* predicted, uxlnj 
onu of joatuur'a (lAJhb tksRniiMxIc h» t-j-iclx. 
In tnrci. nf spec Ii led atcoxphorlc da'i .uid co- 
put*.] tliara.ihjllno cbiruct er I'lLUn ii tho 
taf*is. The 4c* IUM W l.«vt.4 Id ta i.»xl1l-.e 
to thu I at ora I sdr.ct l..n „i hi - 11 hx- tl„i nr e in lx 
circ.l tt l.'A an well . 1-1 viril- il ji |rjn.|.<rr* 
due to dnup ulnlor ,vnv,-. tint, Ikr Tl.j.li l tirltu 
the li-sfi-rsmt clnl'ium I i.t-r lu (lie ::-uil hem 
iyr «1 si ll«, r,cn.m> ui a ' ' wlntrl nli 'il lay. r 
whl.'h het„,:en r*pp. j by ni,ita-.- hrilln-. and 
prec Ipliiil Inn In in,--... r. IT... pr. -llclr.l 11, .■■■-•- 
Milne 1 1 lira, ( "I ||| I Ml ,'( ill,. I.VI.I.ll 'It.- 
alnlnnx later .ini lie uurl.ic, olr-J I 1 . >-r lie In 
geo.l jgr.-. mini with i4nvry.|l I* i).. I'lnillv, tin- 
nnnunl il»-Xi.j lien ."xcli.ir,,y i-i , J I . ■ 1., Ihe 

COjul Ih <1 Ixck-Hi-il, Hi, li.-di-l'-. I'll >1 1 . ■ ."I *r. 1 

nyorepvd li--.il ■ xp.-rl.-n'.-d l-r th. i-c-.'ii 
■bull. n( Iho At Ijoi Ic Pului Freni l-> tv*l. 1 M r 
Ihun prevl"M<|. 011 Ur. 1 l, -d. Th | -, I,. .» I r Ili.ilrJ 
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Particles and Fields — 
Magnetosphere 


'Hi IJII 

FMfaklJr: i'*>rii [f. ii rur. paF.-i-m.’' tw.'tttuCAiL 
fa Utrliu 

A. SihrJl (lAh>i|(|nn far II I hTi Enoigy Antro- 

MggAA.r .|.|irJ Spj.-e FI l|h» l.enlnr, 
l.ior.bili. 111. l)1M f. a „4 }. Train ->r 

A tJoiaiinJ ar.ciunt I* |i«n of (ho imr(atlc 
«lrc.lr.n anl pr<M..n pupufallms as ■111 

t l"l 2 during iklll |l<n(l thruir£li the 

dawn ragnatut ail nl )up)tor- Th* ■cgu-'i between 
JO and 1)9 tj |a J.alnaud by ■ ihln plus* 
■hssle wlitie IrapptJ ntifaiu eloctron and pin- 
ion flu <ii Kid i Tin 1 r Mutinies, proton apactra 
ton bs iaprra«ntaj by Sn aaponomlal in rigidity 
“•th * charsc tat title tnaegy of Mfl laV. Proton 
anlaotuplaa w«re rrnMsteni with cotuistlon 
«v#i» at 100 Rj. n oa]or prut on ucalitadra 
awcat II vail ta anocal raara nf flald-allgnad 
prate n itnalni un nbiiml. tha flua of 
■0.* HaV protons deCfeaaaa by lKr» ordara of 
■ajnUioU batwaan » and 90 Rj and Hun « ran Inn 
ralatlvaly conalanc la lh* M|nil«|UiM. Pine 
structure In the data indicate fang Hud Inal 
aayasaiilaa with laspic: to (ha dipoli orlsnca- 
llan. Elttifon npctira In the CMgnsloshesth 
an-1 laiarplanaraty spin ara acdulsttd by lha 
J n vl >B 1 (wig EC u Ja relative to tha aubaalar paint. 
J. M-Jfbya. Fes.. Blue, Payor ai.'MSIS 
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M#dE-P#fiT[Cl£ UatSACfKM « THE WMETOPRUtt: 
CONTAIN)! Ifili TO THE WY5IDL AHPORA 
R. T. Tiuruijnt (Jot Protjlilon Laboratory, 
California [minute of Tec !>"■>! 9gy, Pasadena, 

CA »H4i. E. J. Smith, ». H. Thorra, *. ». 
Ardaricn, D. A. Curran, G. i. Paris. C. S. Lin 
d.?J C. T. Pussell 

A atrono tores la tten fiefaefn In lapse, brojd- 
bsni 10-VV >ia p)ava >nn jr.i l-g hog bIfc- 
trens nr.. | proMn* are olsarsrd on iSEE L ir-d t 
H IM If* UIIWH i]j)Sid« naijnwitpiuie. Wave 


and part Ida frit urn naie teen character i /ad by 
tllln.l i.uraiei ayar tan events. fra KMfll ii. 


talln.j i.oraias oyer tan events. P:a LO-IO* 11/ 
■viveetic «■« tnl |h« 10-J0’ 11/ olectrU mil- 
sicm ran bs r^praicnteJ hy |he pomr-laa 

r n -IOf» « pi Vila 4 p,j r«>l c lu-5 f?« 
**/''• "l« rMifalfavljt- TM electron ard inu- 
Ifln Mu'ii and i.adrjl shapes are nrjrly r.nn- 
slant fai n erent .re av*n«, anf are iharKinrlictl 
h * I'** *,lu’ f-*- e <n' ? sru;Uter-U*f-l aM 
I M’]' f*‘ 7 C-r*SH| -*Har- | |*V*l using ( kt >|. 
•nl rji-of w ,j U lB plated an I field k || u ri nr 
tn -1 |"J SJ nT, it H th.wn mat ire 
I’M sTsutsCPS nn! prntens ait stAUar{.| 
n».ir the hut Of sirens plt.h angle dSffuilyn 
hr the obiennl wires. * Or.stDl!al<n» PI u a i'f 
0.1S rrj,/ imi .| r; (1 ealiulatel. mjicatinj a 
ssi)nltnant ccntrtb'jtKn tn tfo days l dr aaron. 
'■«!*.»» fai L»tl . . Fapar a.;rii.*u 


92" Hm-r Mirant I Kira 

via." Ulsn n-t.-v i| jr^r/rn ySn'S afrys 

n. a. '.uiiii ii.i k iriivi» f-.r plannaiy 
**■ r.flljrJ "fa.# rilnh| r a n|ar, 
'■rrentnit, w ;n- , i|i 
PirrC'-n -alr-rlall'-iy nl «l#.'li.inatlt ml 
rlr-Tr-an-m. ir-.i'. run f-c plsiM inuj. 
hL i it in hut iwalu-tfl in Harm! ipnij „t t h« 

llitrlhii|-i f.’-lln .1 ihi planatarv Inn, S'« 
r mt frr t** •fin- ri lai 

" '‘jMrli l.n e.-rn in i'.]ar wind, jperif- 
1 * n ’» t'an" *■'•* *r« <alcj|atad far tlictro- 
y* n * ,lf liatailiuit. In (hn In, r»iuntr ea«r 
'if Ul«n n,ia ar I tn 1nian»!lat> frisntnry 
* ,M , r ““ilitUr*. slsn, alr-troaialfe |Hwth 
nt#» a/a <»lr j| ji, j f., r p, tmererdlat* 
i(a|>*9rr rtataa. Cr.n ihata pinh raiaa, 

•st last »t n* IrM.aJ Hr the ( ln« f mom ( Na 
f 3 ‘ -alary list. Its rlreli. aiy-iai I . Insiall 1 1 1 iai 
a»a ah;w» lo crafu-a tha ant rapid pickup, [n 
|V ■It"»H<n whrra lha lijli latw-tn |ha bctl 
Va-.J» Mt'ntr flald ar | in« ,11m || 4 , Urtclloa 

l« ■•ill, t‘a ptrlup tlati f n r t-nn riartro- 
aainactr ml alarlroitailr ImuHlIiln Cares* 

■arr l-r|. * pcsatbla i4iit|„ytt Q | (hLi »|f t ct 
la ti infisa Mjl'.rt at ir.‘i-ci planetary lei 
lamtr la linnllt Vraui Bi|itll( fla!d- a ntj r 
alr.1 f I' a israaerlai. 

* Ce:;S,i Bn,.. ei u ». Tapir iar ; jifj 


•. TS9 HaiT.a l-.aiakiiiiiai 
STAtnurif IIICORY or DPIf T-L1KE 
KL EOT "OMAR NE TIC WAVES IN TWn 
I»IMr'.310:fAL MAC.NF.TTC HGl-OS 
S. Miyli.-.l] (PhvilTi Dtflrtmarl. L'nlverally 
sf Oan.ay. Otovar. Col:rad> JCJCSi. V.L. Patel 
A ta C trmprrar.t (htl and eeidl m«8naic. r h«eu 
ftas-.a. ».rh i?aiui|, v ar»lng danamea ir.d t*m- 
prratjra*. It csnaidatad fer the caaa ibtrt tha 
*i-ni» n.m niiettle licit la tu:-dlnnnlerj| 

A Slat, st.nr.su, j-sl.1*, Via ilh;| at i,aH Una 
*«r 1S-.J. la Inn order, ft linear thaor/el lo. 
f li= 4 aair:,rgi!i. aiaeirotr.agnalle rr.o- 
11 ’'‘‘“r'f Tha mid* 1 air dr Has ui,uu a 
aradtar-Tt us dsnt.iy, ramparaiuza, 
*'■; >■« «:«li.:s si t\t cold cumpocaM 

Caurn- r.a ih* p Mailt at inn of the fm , Sa „ 0 . 
ri4::=aS -/ly). A n cl-lrti intubilliy ( | a, 
driM-cir-p.rna.epal 1, (. ..4 , 0 oeeut Bl 
ls.-l tea crii.cai .aiua of ih.« Half cvi*,aiura acale 
ler^:-.. h.a.ia Bhuhthit rr-ed* i> aubla. hrai^ie 
1 T «*■ ana iiien.ec- 

*'• fe'turt.l flal.1i ara f-i-ir.4 to 

t# * Erc '* : ' 1 - in Uw ead.al diraetlis 
1 !?■ . u ... f, re , | a'-.- *j 


Hit Hwi (nntsiwu 

THE ■ILATI0N9HIP OP FIE LIKA UGNED CURRENTS 
TO ELECTROSTATIC ION CYCLOTRON WAVES 
CyslUt email ISfoet in.11 laiewvy. Viu>mfr ofCtlJbr- 
jiA Btrlrby. CtVfcmd 

T«a Hitfcet of free imp for ditdoi loo crriwnn nsca 
h<H beta otaentd od lbs SIO laiiDUr - fitM illined nnnia 
and loa baa mu 5bica Ao mn an OciubUued b, iha ibcimal 
dtdna un and not da coireni. btfoto rontlaii t| obaarwlini 
of lild ill(Md tumo'i allh Ion cydoliaa aasa. Il Ii Ani 
omwiT lo dalirnlnt ibal lha cunaol Is priniaPIr rankd by 
ibarcul tkrnciu. Ccyflpubooi of lha cuntni carried by nir- 
pek pwilctta abb ihi cumnl moaniied by lha Bujnaloeiiie 
furk] wnial avtna ibawt lhai ifili It tonuilmrs ibt case Su- 
iLilical Undid tndkiia ifui die firkfaJipird cuirtnl dcnriiy is 
caynlsnd nllh ibe tpeCnl dtmllh durioi bn cyilounn imu 
Tie cam U nil loo of lha (enriu oT 1M1 npofl and ihou of 
ATnmwt tf ml [1979] is cooiEMtnl »lih Ibc kypolhcrli Uui ibt 
ebstrrad km erdofroa mu in diltm by 1 cwriHoitfon of loa 
bum led aJeclfoo drill Hoaivar, lha ardahla dtia sti don 
not uumtuiuouilr Heuilfy Ibt Tna Ciwv wn 
J. Raopivs. hi., flua. Fipar JA0I9I 


57oC Plisn noilon. canyecMon. or circulation 

EvfHKCf ron hie tailurd retreat or a wutnic 

bUllRAL LINE 1H THE HAWnOTAU DUKIHG SU6STffi« 
RECOvERf 


T. G. Fortes, E- H. Hsnei (iMI,ers<(y of Cali- 
fornia. Loi Alinpt mtlomf Laboratory, Los Alinoi, 
HA 87S45) 5. J. Ban, J. R. A abridge, G. Paichcunn, 
b. Sclopb*. and C. T. Russell 
«n several occasion! during the recovery phaie 
Of subs toms the Los Alamos /HP I analysers an (he 
ISIE I and 2 satellites have observed protons 
costlier- it re ailing ,1ong the magnet It rfold within 
about 1 P a of the northern (upper) lurFeca of the 
plasm shift. u» pro itnt data for oat of then 
periods {04:60-04:30, Herch I, 19781 which sirong- 
ly Suggest that the counter-st rears ing of the pro- 


ton* results fron the rlrrorfng of particles nt- 
[ng Esrllward along the isagnatlc field. Only the 
Eerthaird flaw Is oBssrved whan the satellites 
first encounter the plasma aheat. Sut about 2 
tilnulei after the entry Into the plasm sheet the 
return lull yard flow sppeirs while the Iirthwjrd 
flew contlrtuas. The speeds of both the Earthward 
and tallwird moving populations thertafter show a 
sjitenatlc decrease with tine with tbo tallwird 
spnd being persistently -JOO bq/iK greater than 
(ha Earthward speed. Aiulysls of the correlation 
betwesn the speeds of the two populations shows 
that tha decrease In speed results frees tbo rela- 
Tme notion of th» sitollltas with respnet to a 
IPatlal gradient In the velocity at the boundary 
of IM plasm sheet. We Interpret the tie* dolor 
betwem the onset of the Earthward and tallward 


llrcielng protons and the Mrs Is tent difference 
between l heir speeds as evidence that the source 


of tha Earthward flow Is moving tellwards onto 
magnetic field Unis mapping to progressively high 
er polar latitudes a* Subitem recovery proceeds 
ana we suggest that the source Is lha region of 
magnetic reconnection associated with ■ tallward 
retreating neutral line. (Plasma flew, nautrtl 
line, subs tom). 

Gnoyh/i. Pen. loti., Piper I101TI 


im fuppad partlclao 

iiHK'Sirion of h.-w-mnuu. iohs m m jovim 
HA oiF.rnsniur 

1>.E. xml ton ILwp«irant of Flivilci uJ Aotro- 
n-.-try, Inl.einlty sf Kirylmd, loll.** Part, 
KiivUiil, JClJtJ) C. Clf«chUr, S. K. trlal.l, 

■nd | . J. luiiatolil 

V, yrtiant r-bwervn Ion* fm V 0MBar I and ? of 
run-iMicjl l-nw Iren H thicugh t» In the Jovlu 
c3inaic«Thovo un Ini th* low Energy Patilcla Tele- 
IC'TW llEPIt , cne ul tba i«o v*nio» of tha Lou 
Enorav o.nrg.1 Piillelt |LECT| •vparlEfr.l. At 'l 
rv»T./ nuc . chw cajur ccnUHuanei of Hit Ion popu- 
latlii. vwr. R. tie, C, 0, Ha, s and ch* hydrogvn 
Oollculil d. an.J Hj. FwUiSua 10 Ka, ihn al,un- 
J;";* 1 H 1 « 'I"*! ■n»rgs/nu [ |,pn UI 

r>lKl't»e In Ih* Oilti rJjqe|n,phiro, Ihi abundant* 
ol ■•, 1 m, and » vti hlRhiiai In the Innfr nagnetc- 
■I here, and lh< abi-n.lan.:* nf C was constant 
thrc^tn.i Thu r-ipiai cohere. Ha , n J C uv h* 

l"r,«l) s. Ur origin ..hill ll>, 0. Jig, 3 
■re la Italy of local origin. Th* W |ai lout in 
■ - undanra railea uai« l:ira FU |,l by ■ |«nwral 
hat waning ol tha tnargeilc particle epretro naar 
1 fie//n>« with ■larrcaslni radbtl d lit ant a. Ua ara 
■bl« ta find a picarttvr n, aiauatd to be a 
iPiMas-Jarendant mniiwni li= „ cnergy/auelion, 
in t ®r?s of v^jrh chi fly* r«t|oi ucu| coat 
■peclcs di noi r hangs with radial dlitnca. Thru 
Invariant ratio. Indltaia ghee tharw are approal- 
tntely t;aa\ o.-iiu ol r™- tha real 0. J. and Ha 

of n '" V hi\ e ' 1 * 7,1 H loc » bwlui ■ f Iclor 

ct .IS nlgF-ar. Tha latga ratio changat at Huai 

rnwrey/nuclrrn ran then be ascribed 10 the 
cv>snglng t;artr«l ilapsw. th* parmiar r, u . 

-w reaanably Idctitlfiaj with .nergy/char.., i„ 

«cb call v. are able to Jadwrfl relatln charge 
tr- eawa rat law for H. Ha. c. 0 anl S. If R B 
1» JoJly Icniavd, n find that the con-thanul 
carbre nii 13 apprc.liatw charge atate nl *6 
typical of solar wind partlcl.., wblla njm and 
■Jlfui have low charge elects (+2 lo +4J, typleal 
al local plasra acarcaw. Spectral chasna over 

°, i<J ta 'I 6 *> ta *«■ Seerpre- 

rwtlre. an «naUttnt with particle IB „ gUltlBO 

aJlI^ri d d,ffuiKn “’VAM’air.* tba tint 

* Invariant. In eba Jovian ugsitatatl, 

et tha elca of tha Vayagar 3 outbound pua. the 
™»8»tle particle populaclcn was a cmblnaelm 
of Jowfa, pin it law vitb soft .paccra m s Intor- 
plar.ataFy p.rtiC,., (prc l,Mbl r ot , a i, r f U rs 
origin) with each hardu apectn. Above '-l HaV/ 
nue, the loiarplonatary particles wan dominant. 
R«y«id M« Rj. m tha “sagneio.pharlc wind" ra- 
gl.n. it* non- tba real Ion Inn a. Icy Incmitd 

f ““**•»- “i .ul fur- rich ciwpoal- 
rtvrr a l .°* ,h “ a,4dl * “*"■ toaphar.- Tun 
*3W obatrvwd at 

.wee. ? « h ■ ,, h “^ ton ■h“«A«iea ratloa and 
■* n,Ur «“ tA 0 „ found in tha lunar 
UAnciaaphira. The ral.ua of iheia partlclss 

JuDU« a, ! ntl r tba arrival 1! 

Jupltar df a fan aolar wind at ream. 

J. Croph, t . Bos., Blue, Piper IA0HS 
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5775 Trapped PtrtUIes 
IM COMPOS I Tim OF TIPPER EVENTS 


S. H. Kays (LocLlMSd Pilo Alto Rssearch Labors - 
tory, Palo Alto, CA 94304} , E. G. Shelley, R. D. 


Sharp and R. G. Johnson 

A clais of 1 m distributions has recently besn 
fdantlflsd by Fennel 7 et a I ( I9S0) , The distri- 
butions are eonposid of two components, ■ low- 
energy component with peak f lu.es directed along 
the field 11ns, and a high energy component kith 
peak fluxes in the perpendicular direction. The 
transition between the two Map wants occurs over 
a very narrow range of energies, but can occur 
anywhere between .several hundred aV and 20 *eV. 
Because of the appearance of this distribution on 
on tvargy us. ties spectrogrin, the (an events 
have been called zippers. The purpose of this 
report Is to ermine the mass composition of the 
zipper events. He find that the low energy and 
parallel component Is emposid primarily, of 0 + , 
with to a lesser degree H* and e trace of He*. 


with to a lesser degree H* and e trace of He*. 
Ihe high energy and perpendicular component Is 
predominantly H*, with the relative abundances 
of 0* and He* down from those of lha low energy 
conpanent by ■ factor of -10. These results 
suggest that whereas tha low energy component Is 


probably Ionospheric In origin, the source of 
the high energy corpulent is most probably th 


the high energy corponent is most probably tha 
pleiHshaet. 


J. Gsophys. Hoi. , Blue, Paper A1Q1A3 


57ED Have propagation 

THE EFFECT OF B» WHES OH THE THRESHOLD WfE 
FIELD FOR INITIATING VLF HON-L INEAR GROWTH 
AND EMISSIONS 


Richard L. Bouden (Department of Physics, 
University of QUgo, Dunedin, Hew Zealand) 


VLF fion-1 inear wave growth can only be 
Initiated hy signal* above some threshold 


aoplltude. Current theories do not pre- 
dict this for a uniform or smoothly varying 


giooignettc field. It 1* shown here that 
IF near- resonant electrons no fluctuation 


IF near- re sonant electrons see fluctuations 
In the total field of sufficient frequency 
and amplitude, cyclotron wave trapping and 
thus mwi-1 Inear growth cannot occur. KOH 
wavei In the VLf Interaction region have 


sufficient amplitude (>2il on rare occasions 
to raise the threshold above VLF growth 
saturation level while HHD background levels 
of around ,QSf would produce a base leva! 
threshold only a little below in estimate 
fade From a YLF event and described here. 

J. fitophys . Res, , B lun, Paper 1A0005 


1*90 Instrument ■ ind technlquis 
WHISTIER-HODE SIGNALS: SPECTROORAPHIC GROUP 
bUAfl 

S.R.TboMon I Physics Departwnt, Unlvornlcy or 
0ii|O, Dunedin,. How Zeeland 1 

VLF Dapple* frequency ahlft* end group daisy a 
for Individual whlailer ducca can saw be 
leparatid end dLeplayid In a nultl-duct envlron- 
ent. Thee* E«aiu renant i of the ilcuUinoout 
■atlons of the Individual ducts tbrrw chat cher* 
le quite camoaly e significant and readily 
■eaiurat.lt epetlel verlatlan In the eilcuicha! 
electric field In the naanacaeptisra. The 
nperlunta) tacbnlqua, which Involves in 
(oproveient of th* ptcvloualy reported computer 
crose-corra let Ian eetbod, elec alloua eh* use of 
Mr coded VLP trenaalas Lena » well ea allowing 
lb* ufeietlor-ikid* eigne is to be recelvod rrom 
•ny direction without o null | n ih* direction of 
tha sublononpharlc elgnal ea befora. (WMsrlar- 

r d fo.S!!f t, i e fU .4‘ **£1 delft). 

Q*dpny»i Rea,, Blue, Pnpar LlPO?} 


Physical Properties of 
Rocks 


4110 Elasticity, fracture, and flow 
TIHI bEFENDEHT FRICTION OP GRANITE: 1HPLICA- 

TIi'HS FOR PRECURSORY SLIP OH FAULTS 
T. JoHnaan (Utsw-ton tv Csalaglral Obear- 
valorv, Columbia University Palieadts 
Kw York ind**) 

Frit Lionel forces were matured during eliding 
botvasn saw-cut cvllndsrs of Barra granite da- 
roread In a tarva-coa trolled trlexlel loading 
Been In* . Two difftront «ffectt occur, demanding 
on Ih. type of loading. When .ready ehortanln, 
»l* bl y eliding iinpla le hatted suddenly, 

■ lip rent Inuea mi ■ dlninlihlng rare, which 
depend, an the logerlLbn of ch a Initial eliding 
velocity . Thus, the frlctlaaal nranjth of the 
surface le decreasing with tin. Hhm abort ualna 
ronelnm rate risicee alter tha bolding pet- 
lad, hoverer, the frictional raslatance renporat- 
lly rltai CO a peak proportional to tha logarithm 
or ilea of no driving, ehcwlng a wall-known In- 
crease In friction with tie*. Tha subsequent 
demon In raelaltnre Iron this peak la contlnu- 
oua. Ill* nbaarvai frictional raalaconca of ■ lu r- 
fact thus reaulte Iron ibe Intarecllsn of a ovarii 
procaieae and le not a r ana rear, la anaral , bui 
dapred. on the lnsedleie and preceding defotnatlpn. 
Mhm ibortrolng le reauud after a period of hold- 
ing, slip rets serose the friction surface tem- 
porarily accaleratfe above tba driving rata. The 
slip rate can then wither decree., re tha driving 

“ n further Ind 

, l ' ll11 “ t,on > « «ra«e levels b^ow 

In thl*r I lh, “ u ■PP« eo1 dif forencn 

ret lf l. 00 ^ ™t 11 th. unloading 

I?!! f . ,h ! “•'Htne le iiceedad, bacveen 

diSi’ pI,,,d “ Uhleh ltaU? lo tS " eonarent 

driving rare and thorn which bacon unstable and 

ES £ ““ »»**■ l“™ 

Irellllr ?^* k but r.iher lcae of 

Ihi ?* ii r f pW,v ,hln th> unloading retn of 
III. 1 d ! B8 n * wvl donee that accaltra- 

«cl.M “I b I" la dua lo tha rtal- 

vaclahle atrangch of rock augaaate that eccolan- 
‘ n i , * ‘^ 11 accu [ b8fo « aarthquekti. UAfor- 

ertT(h« ( !lIn U * ® b,,rv ; llo,, > oaparlnanta lodl- 
cata that slip novd not he unlfore over . fault 

wlll'bl i re!°, t0 b , M «**»■•»» •• vhather .Up 
? uf,l £ lwl F !««« *» tha aarth to bo 
detectable. KovorthaUia, a elouelhlo maeTianian 

nSIthl" 0 !* 11 ? 8 obB,rv * hU phanoBfoe prior to 

hy tbo laboratory ofa.or- 

j. Oeophyi. Bet., Red. p ap „ IB02n 


MJO Equal ions of into 

?II?2r C,IHP * tSSI0N H^LSfKUfTS OP SINGLE -CRYSTAL 
10B5TEH11B IN THE PRESSURE RANGE IS-93 CPo 
;• S J*" D Hhm Research leizliuts for Iron, Steel 
*nd Other Natela, TnhoVu University, Sandal 9B& 
J “[“ : T - Carn . S“to and H. Teiol 

c<B, P rB,,l0B *«P«riMBis have bsen por- 

m.im , l5 ?'V * he PWtw* rengs IS-B3 oPa, 
using a newly Installed two-mgo light 

dirertl"®* e f U EL Wr “ ,,h ll “ ,ta(k prepegfuon 
directions with respect to the crystal loevapMc 

of HEL .n, re fi*! ‘ M , e, F«« 1 ■ The largest value 
JJ-fiLV ® 2 , cp * }» obiorwod In (ho aback dl- 
reollT SS 1 ; 1 l °, lw ® 1 - ,B ,h< hydreiutic 
ullrel f!'". 10 lh * tb,Kl1 velocity (U.J- 

Hit! h! I*! 0 * 11 ? tU P ) pl,h0 ,ro divided Info two 
redic.ri PlNteeu ■ round 11. * s.4 kmj$ 

toilrS.'.? 1 ” trenail Ion. Po, t£t .Hock 


dev* ,r ,1. non. ear cm ahock 

P«»*“fu nliviho phoe. below 


-ilrch^ f.nr .il VS °s r ° r, tarilo. Kirnaghen 
otlvln* share J*“ ck lor th" low preesuro 

or«l;2n p 5“: s* .«* »t«ic M . 


- -'i ; j*.*. , •, ,i/ s . .'fVw-v .*hiri v 


v;\r "»StJ 0 te 

cnrrt.pondMco of the pre.wt rtoak d,u to th* 

th f* •Wotrenca of melt ions or 7 
■(■plrctlc gloae abrerreq shave abeoi Rich . 

lB m«»urs^u. ' . 

M,b preeiur.; 


Planetology 


bS70 Surfoco l first kal of neon (mechanical 
propart I as, topography, albddo, etc.) 

H rial RESOLUTION ALBEDO MEASUREMENTS OB 10 FRDN 
VOYAGER L 

R. Ttodd Clency {California Inatltute of Technol- 
ogy, Pasadena, CA 91125) and C. Edward Dan 1.1. on 

Tha photomatrlc proporrlae nf the surface of r 0 
»ara lnvaatigatad at high spatial resolution by 
a choice of 220 (ample regions from tha four- 
color, B kn/tp resolution photomaailc of i 0 tekan 
hy Voyegor 1. The bPbblc longitudinal couarare 
axtaode from ^200 4 H to 35D“W (phase eagle MoTs 1 ) 
The region* worn categorised on tba hiii a „f cfc,.’ 
visual color in the color print. Cetegorlne 
lncludoi white, yoltow, orange, red, bmun 
(polar), and black regions. 

Tha photometrically corroded dace wore plotted 
ae a function of lacanaity versus pbotoutric 
engleo for each of tha color regions In all Four 
FUtara (orange , blue, vlalac, UV} using a 
Klonasrt function. Tha plots of thaaa color 
regions show Large scarcer abouc the least squares 
Tic tad Haas, Tha largo acactor, particularly Tor 
tha darker regions. Indicates a continuous distri- 
bution of albedos on la and glvaa evidence of 
“"positional ulatng. In alt caeoa, Hsb dsrkan- 
Ing coafflclanto with useful actor bounds (a,g. 
error <0.2) ere found only for tha white (k - ’ 

0.6 1 0.1) and brown (k ■ 0.8 i 0.1) regions. 

Tha larger comfEtclent Found for the brown regions 
U biased upwards due to polar darkening. Comput- 
ed values of the limb darkening do not changa 
significantly among filcara. 

Cttlot ratio plots of tha retire cancel for each 
af the regions wore const rue tod (UV bluu and 
vlolat/bluo versus orengu/blue) . Tha distri- 
butions of ratloa of the various color ragiool 
are compared to laboratory meaeurananta of solid 
SOj [Nash at at., 1980] and various ol lac rupee 
of sulfur (from J. Voverka and J, Gredle, 

Carnal 1). These comperlaona Lndlcaea 5Qj le the 
tajor coopoaant (phatomotrienlly} nf th* "whit." 
region*. R*d and white sulfur ora seen ea 
variable casponanrs of thaaa regions, Color 
cat tern of "hrevn" regions Buggeat a olltura ol 
whits and red sulfur. A significant portion of 
tho "brown" regions have color ratios near those 
of pure white sulfur. A component of SO, la 
found for all "brown" regions and appears to be 
latitude dependent. Rad region* appear wall 
described by a mixture of rod and orange sulfur. 

J. Gcophys. Res.. Red. Paper 1H01I8 


■580 Tokrita* 

DIMINISHED TEKTITE ABLATION IN THE VASE OF A 
SMARM 

F. Ssprl lAvco Systems Division, 201 Lowal] Bt., 
Wilmington, Haaa.) K . K. Chan and J. A. b'Zaefa 
Among apeclmena n£ any reVtic* atruvn field, 
aurfeca ablation markings Indicate that a large 
variation occurred In the aerodynamic heating of 
these apaclman*. It eeama incompatibla rbit ■:» 
tehtlt.e laahibltlng ring wave melt flow) null 
have entered tha armoaphere at greater than ■■- 
caps velocity, wharoai othera (exhibit log aharp 
aurface features I aeem to have anrerad a: ouch 
lower velocltiae, A recanciliation ia propoeld 
In tha fora ol a wake shielding modal, from 
which it is cone ludad that toktitaa trailing in 
the wake af a twarm experienced dimioiahad heel- 
ing, Calculations Indicate that wake tahtlte* 
may have entered at greatar than aecap« reloci ly 
•*lle barely reaching melt tempera turn it the 
surface. (Yaktlrei, nblatiom, aerodynamic ho»i- 
Ing, wake, atmoepheric entry, (Warm morion), 

J. Geaphys. Her., Red. Papor 1B0J96 


Seismology 


8920 Exploilon sal no logy 
CCHSTRMHT5 DM CRUSTAL VTR 


CCH5TRMHTS CH CRUSTAL STRUCTURE IH EASTERN ICELAND 
BUED ON EXTREMAL INVERSIONS OF SEISMIC REFRACTION 
DATA 

K - MaclCenxIe (Scrfpps Institution of Oceanography. 
A-0T5, Unlvtriity of CaKFarnla at San Diego, 

L« Jolla, CA 92093) J. McClain end J. Oreutt 
„ ]" th® awsBT or 1978 the Iceland Research 
Drilling Proi«ct under took tha drilling of t dMP 
crustal hole nkr Reyderfj order in MStern Iceland, 
As a part of this project, the Scrlppi Institution 
of Oceanography jnd tha University of Heihlngtpn 
unMrtOQk & mill seals selimlt rofrictlon etperi- 
ment naar the drill gits In an attempt to conpari 
surface gsophyslcal measurenent* with ebiarvstions 
of samplsa from, and lagging In the hols- Using 
recent advances In tha methods of eetrereT invir- 
*ian of lalsnlc data, we hiva datominad an appro*- 
ImAte ona-d (mans 1 anal velocity structure for the 
drllisite. This structure Indicates u«t tho 1.9 
w hols failed to penetrate tha layer 2-Jayer 3 
trinsltlon which was at some 3. 0-4. Stan beneath tha 
drillslta. The transition appears to be rithar 
abrupt, unlike that beneath the ocean, with veloc- 
ity Increasing from 5.2-fi. 5lm/5K in tha upper 
crust to about 8,7kn/sec In layer 3. wa observe a 
steep eastward dip and a shallow westward dip in 
the lewar crust away from the nearby ThlngniH and 
RaydtrfjDrder volcanic centers, respectively, in 
agreanant with previous work associating shallow 
dapths to layer 1 with Tertiary volcanic centers 
as a result of Increasing nitsmarphlc gride and 
Increased dyke a warm intensity. (Salnlc refrac- 
tion, Iceland, inversion, crustal structure). 

J. Coophya. 8«i„ Rod, rapes IBG109 


8950 Seismic sources (maabinlinH.augaltuda, 
trequmney epeckrum, mpacm aud (las dleeri.) 
FUONBORS TO THE EALAFAMA H-7.2 EANTWpAEE 


Ha* Wyao (Cl BBS, Un Ivors icy of Colorado. 

Boulder, CO B0309) V.W. Slain end A.C. Johaeoa 
Tho Kal a p a n a, Hawaii •artbquaks ot Novemhar 
1975 had a ropturo length of 40 to 30 ta aud ul 
loqaead on tha aouCh flank of tha aetiya voleaco 
Ulauaa, The source mac bon In was dip-slip 
normal faulting on a plana dipping 20" to tha 
SB, with tha groat sat principal ettaae orlentfd 
In that direction and accmlatsd hy vojoanle 
latrnaloua into Ulmsoa'a Tlfre. Tho acutes 
area of tho 1975 earthquake mo subject to 
Istualvo geological and gaopbyalcml roaoaroh 
for aaoy years boTOra this nartbqiiaka bauuso 
« tea proximity to tbo volcano. Wo otuilwd 
th» dlatrlbutlen of apleentaro foe small earth- 
quakes ([« 1982 to 1975. Snap polanographi 
located within 3 km of tba aftershock area had 
haaa ip operation for 4 to 10 yaarm bafera tha 
oaiaahosk and geodetic triangnlatloaa and trl- 
Utmtlgqi In the sonzco are* had baeo cscrlsd 
out repeatedly line* 1914. Vo found that p»e- . 
enreery changes occurred throughout moat of tha 
ru pints area, but la turn diaeinatly diffaract 
pat tarns. In tha losgor on tar amomaloua area 
the ealralclty ret» m dcareoaed by 50* during 
tho 3,8 years hafero tho naloaheekl In addition 
amoral good a tie lines Indicated anomalous 
strain release during this time. Within two 
inner area* tho nlmielty mined high, than 
increased shortly before tbo malnahoek. 1" oca 
of the Inner area a ■ F-vave travel time delay 
°* 0' 1 «oc could be dotoeted, which began » kBae 
3.3 year i balers tho malnahoek. Within the 
other inner a coma la ua oven geodatls strain MB 
act mule ting until thn first half of 1973 when ' 
).5-10~* strain (33 facro), «Be ralaaaad ataia- 
■Ically. By coatreat,. ebe outer aCcmeluuB 
"‘“J *•»■ npcrieaeing ■ train softening I™ 
1970/71 on. Ho lntarpcot cfaeaa observation* 
ao indicating that Strain eafteaic* by fault 
creep in the outer AqomaleiLS area irmnaf erred 
stress into two nejor asperities (locked por- 
tions of the fault) i A velocity deoraaan and 
f oral hocks ware bbetrvmd in noo swpwrity Bfld ' 
high itress accusalsUta in the other, implyloi 
. thet dUatanoy of tho oruat probably occut r »d- ' 

. Our modal lg qualitatively 1 up ported by. the ind*' 

■ ptndpnk *y id one* S I strong motion Vacordp which -- 
• Shaw that tho Kalapana aarthqriake was* a oMfTrf 

■ “ttipli ruptufa. :tfa conclude that tba 1*1*'' 

■ F«ia .earlbqqpka v** prMaded by a. preparatory, 
prnceaa which lasted. 3. BiG.l yur* and Ub)oh 
Md dlMon*lWa| of 43-k 10 km q or* ring appro*- .. . 

. MBtsly ;th« aftagraboolt mzea.' ' f ■ - 


•liXJSWK’ 


lOBv'Rqd, Rag** IBQJ70 
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SSjWwf CHAH'lE or BfSCTHA L CBAMCTERISPICS 

19T6 rarAOiXER-aa earthquake 

“ F 2rito tatcghyalee 1 Institute, Faculty or 
aiiloco. Tjoaku University, 8«ndml 9ft), J«pao) end 

oBrthquako (Jun.B, 1977, M-5-B1 
* TrZ, about One year before the 1978 Hlyeglkan- 
^arthq-te (Jun.l2. B-T.A) off the coast or 
ST ‘l praftetur*. northeastern part of Japan, anl 
“'SbrlOBS Ob**** Ot seismic activity of snail 
“ - h.ol vu aeec before and after 

rt. foert region of th* main .hock 
“J 1U vicinity- TM <*“«• of *■!*■«■ activity 
lU the change or stress state In the region, 
•ndlt 1« expert"* that Ui« spe-strel ihsreeto:- 
“ . ; olio uDdergoss a t.cporel varistlon. In 
this piper, th* *peotral characteristics or about 
su-th quakes previous to the msU enock 
t!, «*wnl bstveeo the two periods before end 
lirer th* coder* te earthquake on Jun.8, 1977- Th- 
„iult *hovi * distinctive dirrorenc* or the 
Mlaitloa betvesn the seismic moaont end sirens 
arid for lb* I" 0 pari ode. In the forcer period, 
^3* dieuslon I ■ constant and email on th* 
svsrtP. while In U» latter period. It ll not 
cmatret but lceram*«s with Icoreaelug selsmln 
UBHt. nil ioplies that the atroas field In th* 
focal region h*a been approaching lo the condition 
vtsr* • alight rupture has bsan readily followed 
ty a griain rupture, snd at laet tho energy 
relssaa as «M naln ahock h*B taken place c-n the 
rii-,1* area or a fbult- (Belaolo moBont, stress 
ifep, *Ou«* dtonslon). 

c.a Rap. ToftOku Uni v, , Eer. $ (TohoVu GBOphj*. 

Jour* - 1 »cd. 27 1 R<>- 3 J| ' ^80 


4,910 Saltnlc sources 

lIDIHD IOT10N LH THE DEAR-FIELD OF A FLUID-DRIVED 
CHAO ADD IIS IHTERFRET AY IDS l» THE SYUIrt O? 

SBAlldW VOLCANIC TRENJR 

I, Chouat (Dspartmant nf Earth A Planetary 
Sc lines*. KiilschusOCtB Institute of Technology. 
Csdrldg*, Hill- U.S.A.) 

Ks prcieac s study of the motion of ths ground 
tn the nsor-fiiU Of a Fluid-driven tonal lu crack 
ohsddid la a layered hall-space. Ths source that 
VI coDSldsr ll tha jerky opining of a channel 
connect in* two Fluid-Filled cracks, and tho cauae 
ol this opining LKtho excel* proawure or fluid 
in ot* ol tho cracks . Wa naka * comp late repie- 
scflistlon of the three conpononie of gro-uid 
rolioa <B ths apace, tlno, and frequency dons lnw 
and -aslyu lb* effsets of fluid cumpres*lb(|lcy, 
rourc* depth and medium dttuccuru on ths ground 
trspanii. Tha calculat Iona show the preaon-ia of 
j doilwsnt Frequency of itOLiort which dapands not 
Laly an tbs inures gsoismt ty nod bulk modulus of 
the fluid, but also on nedlun characteristics, 
race Ivor position, and ths coeponont of mac Ion 
balog coBSldaroa. Using this sourco mc-dsl, wo 
view an spiioda of volcanic exofsor as a coot 1- 
caus liquaacw produced by numerous J-rky open Inga 
ol c Monels occurring randomly In tlird along a 
chain of crack*- Our result* aro applied to tha 
Svtabec 5-b, WH mil rift erupt Lon of Fllauc-a 
tolcsaa, Navsli, sn-i found to be compatible with 
ivallabls sclsalc data, luggage lug that oagoo l* 
transported through an onaanbla of cracks with 
ft« upon at 1 by 1 kn, ucli p*lr of crjika cons- 
tituting in Individual dll* svpmoni which opens 
la dt*cra:s lncrsmonre a: 3 rata of I par sacond- 
ks obtain tbs Following paracururv Tnr each Jiko- 
, recent opening: Increase In cavity vnluno, cO 
■Lisas drop, O.dfia bar; sslsnic noaivnt, l A"' dyne 
cs JaJ fores appliad by tliu fluid t>> open tha dike. 
I0>~ Jyuv, Tho total QOooni Integra tod over Llw 
milt* duration of rremot fot the erupt I->n lo 
O.i ■ 10“ 11 Jyo* cm, roughly equlvaloel to a single 
Cugnllude Hi rsrchquoho. Th* seismic Source parn- 

«itr» and othsr C t*W. obaervaifon* r>((vr c»nB- 
irilar* on tbs pracaas of oasa transput: and nro 
rr^pidble with ch* excess pruaaura and vlacoslty 
«l tigca of about CO bar and |9- polar, reapec- 


ihil). lYtlcmlc irqmor, magma trnnaporti. 
1. utophj*. Ses., Rod, Paper IB03b5 


*"4 Structure of the rrusi anJ upper nwrule 
r.ll-LsCE nx Tin SUBDUCT INu LITH0SHHFFF UllULP. 
u>.niEWl VANtWVER IS! ADD AND WESTFRT1 OREf-W 
•»<:l TEIESEISH1C p WAVF COSTERS IONS 
1 Langston flh« Ponnsylvonla Stnto L'nlvt-raltv, 

■'ll talk* Building, UnLvuri Icy Park, TA 16802) 
lu6g-*eci.ki nlcMltalc F waves recorded sc TIC 
(Victoria, British Columbia) and COR (Corvallis, 
ur«gto) show joorml.njal i large Pa cunvorslona and 
liter arriving P-to-S r ova rborar Inna not ubserved 
fun lyplcsl continental crustal auction* or Iron 
rCdIcml) proposed structure* for tlow atallnua 
-niroioed fr* rolrncrlon survova. Tho timing 
* p l lsrgi aspilLudo of the Pa phuac, roliitlvo ro 
lre:t P, tuggeata n high veloc 1 ty- cone runt Inter- 
i:o or is LO M bn depth .indor VIC und <08 
nnlnj th* bare nf a dlaLlncc low velocity r.oaa. 
cc. 8 . 1 11 P'^PO*® 1 M» be tho oceanic Hahn 

1 *’ b, lng iuhductad undor Norlh Amur Ira . 
j Ls*™** 4 Pl recorded nt COR la eon* 1- tent with 
-1 aaatcmrd dip for th* Interface. Ilurlxontal 
,!j* ' * “Lion « both wito* iliuw evldonco lor 
It ,, , l,rc, *»nslty in local crustal atrueruro. 
■»: , t,lltl 1<n ' reloclty ion* «nd lea negaclvo 
■ ncity grodieat with dopth has Important con- 
re,r *°tfdn Inc orp rota cion in tha 
(b* usual aaeumptian of loersealng 
mm 1 5 Wllh i, ^ ,h lB violated. Crustal thick- 
• » ” rlv *8 froa such mta (near pro t* ties nay 

-» Crersatl3«*d. In or inel»le- rhl. .,1 


i — - aiawii uj iuuui preip Lii'u iu) 

iir. In P rJnc lpi e > thla lype of 
\il,rj U r* “ “olution for tho Vancouvar 

,v,,r^ ril,I, 1 lhl <kn«»a probLsa in which tho 
I-..,. twuiv " Songuar gravity anomaly is 
r«ni!I^ ; Ith thc 50 k “ thick crustal rhlCk- 
«■ dsrlval froo prev i, UB ro r r , C clon work. 

■ '-sophya. aed> p„ pQr 8 ob 1683 


eru,E ,nJ “P9" r ““*>■ 

™EM»Ts , !h 0ClnH: C,DST * L BTRUCTDKE OF 

l J! 1 * plain, Idaho 
5, *Uord £?* Dop,rc “* nt °* Oaophysic*, 

“(a sailor!^ u' C welocU F attuccutn bantath 

,tc * V3'* r M,1 » « su, > »» lofertod 

fc * to 4n !! a, I UL8l ‘ M,VB 8iopmroion (psrloda 

it mm J, ™ «lBB*ia»lc shnar-wava daisy*, 

tut (low » d,ta ^ r<ra rofreetlon prof Llinfi, 
— BcoLogy. Th. 

tllek M-L . y ,trec rtira Indie* to. . 12-kn 
vlfh \oyr (depth 8 to 2Q ta), 

’•■RKtlw!- ' ” loclEt *s of 6.34 and 3.87 ta/ a, 
'run »*“• “ VBtlu * ■ »-l“ 'hick lower 
Ul TaJar/V**! s " v doc It las of 4.82 end 
■•nr r ~ vslocitioB and 

>!» B f - J™*" 1 Mead oo our interprets- 

s!.«> sse 1 : 


!* «• *ioU*r to S“ « al., 1979) 

tt'W). S“* r t0 ch * tMoico ot apsrlin Bt ml. 

^ •R4rSr* Ue B-valoclty 


ta/», 8 ' v,latl 'y 1 * 4.1-4. 2 

^•Tostd. n,i2?f #r * 10 10 *h*ont or usaldy 
J'VBtslon I. ,^ 8h thB BlW ahear-vmloeicy 
,,6 » vise*.; .hJ:!'*: cru,t >rtiht result 

:«*>, q? 2 iSi ?2 du * t0 «“ rtUl 

,k * MB(«rrtd J, 1 ™ eompoolelSD la 

“J*r dsputLf fill" may bo a 


f j4r im - ThU * ■ 

'“•Ira int* ^ a. « result of Its 

*f(h wrup^^!® 1 ^*" rhyolitic msgm as 

J *>r. <gs. th * !8W bstwaao 10 and 

i 7T. ™ DVOrlylna 


? »>y. tgo, E8W tatwii* 10 and 

i 4,tr tvZ t !* rlTlB£ W*k-v«Luele, 
‘ K «talon."Sf*i' em P el| a aeiaic Bod tM * <0 


422?“ BClaic 

fI*° 1,0 U *w. Und Archaan 

**» hovo "“■■ valcelty and donoltv 
nataaor- 

"■ valocltU.,. 

iod.fap* 189296 


SiImJ HKrnt^L*^ up P“ r ““Os 

**laag SKmcno}( STUDY IM WIST- , 

Tssy-? PM0 * T ' x “- 

in fta^L! #fr £»*- profile V*, - 

M4 ««M prow- 

SS* ta< U*te. , ** Ynflpeita 


OjT* u »lc*ts* . ri ■ r* ,'WtaW ■ 
fafe ,n4 » low' Pn”^7 1 " 7#T “ d 6eu » t 23-23 > 

^•nth»ti c ^ "» fadiv«ual,if*« 


?* Ie “ ^ VBl>cl 'y l» indicative 
■-t partial malting in ch* upper namlo and 
Inpllss chat the tni ( t l B identical with the 
lithosphere. Thu hear flow data suggest that 
tha lithosphere vis about 40 ta thick approx I - 
■acoly 5 m.y. ago. On tho hails ol chl*. and n 
nsgotlws fraa air gra*lty anouly, «o propose 
that Lha itthbaphero ban boon thinnsd fron 
about 40 ta to 24 ta over tha past S n.y. and 
uill probably thin sod uplift Further In the 
souchsrn Basin and Range m Ar liana. 

J. Geaphys. Rob. , Red. Paper 100173 


6970 Structure of tha crust and upper mantis 
A COMPARISON OF TEE OFFER KAHTLE BTROCTORB BE HEATH 
H0UH AMERICA AUD EUtQPR 

L. J. Burdick Hmwo: -D ebate j QaalugleaL Obiai- 


vatorjr of Col mbit Oalvscsity, Palludas, Usw York 
10944) 


Tha taehnlquis of oodsliag upper Binds a(ruc- 
tur* by matohlug long varied viva f era* with 
synthetic seiimograa hive hsea appllsd to obisr- 
vatioss frra tho tectnically stable part of North 
Aoorlcs and frra Europe. Tbs ecru 1» tint diff*r- 
aaeo* which can bs resolved by the lusg psrlod 
data bet vein Europi and North Ararica can bt 
istsrpretsd in liras of variations In ths ccoit, 
lid And low velocity sonn. At cplcsntrnl rangas 
lass than 15", ths affooto of shallow laurel 
variations aro strong snd body ware propagation in 
regionally depaodent, Betwnan rangas at IS* and 
20‘, rag ions l affacts are still obaanad, bat they 
can ba axplainad In taran of variations above 
250 ta. Beyond 20*, wav* propagation appears to 
bs arable and independent of region. Mont of tho 
nbaorvad long parted P wives frra 10* to TO* its 
eoulilrnt with ■ single modal. This Indicates 
tbit tbs relative depths nd sisii of the major 
discontinuities do not vary ■ubitintlally. A ssn- 
p»ia*o nf tha upper manti* modsls of thla study 
with tboso of othsr studios lodleatte that the 
ahapa of tha P valoclty profila is fairly uniform 
through the traniltlon region (300-700 ta) though 
thus may ba difhrnui in ths sbioluca depth to 
ths dlscoortnulttai. Thus dt Clarences could, 
bowovsr, ba the result or ayatouatlc errors ia 
cravol elms data. (Synthatie srteoagrami, suatlo 
it rue Lars, Utanl variations.) 


J. Qaophys. Roa,, Rad, Fnpar 180213 


Tectonophysics 


8110 Convection curranta 
STEADY PBOP.MIATION OF UK! A-lIHATin i EVCI-TS 
P. Bird fDopartnonc of Earth and lyacc Stlwmtei, 
UCLA, CA 9002ol md J, Rnwgordnor 

Del ulnae Ion of tho lithospheric ■ harms l bound- 
ary fron uvorlvlq,; coot I no nro I (nisi propjg-itos 
laterally from thr llr.c of Initiation, (ttslt:- 

ot Eng *s tho aiming *lnb of detached IliktqAns 
grows lc-ngtr. T h ls prapagition bn'- loon mrii-r- 
IcjIIv Ti-iJslad with sscn-lv-at.ue oioaclons In j 
moving roforen-.v fr.ina hy ont-*hlng nn Iiu«r1»r 
f Inlte-olomont soUllo* tu floalbls boundary C"n- 

• II lions which represent I ho me-, hjnlcal and Ihcs- 
mnl rospons-j of tho surround ings. [iiu form >*f 
t ha sol *jL I c-n ilL-r-unds on tli* ahaar toijpllng a I In- 
truding a aLhen- .sphere to tho top ■■: tho sinking 
Blah jetwos a thin la-er »1 ■. villa! rater 1*1. 
WUhOul CbupIlhK. Ihn « Ip of the loLiusUm i.wuls 
>md stiffens tr. fore J vudgo dividing th 0 cniS> 
IcotJevdel. Wl 1 1, c-upl Ing. the Intrusion Is 
for-.ud to coaveet and rcoiolao JucllIs 'hut imsdoi. 
The cold noio can propagoto nt all velocities; 
tho hue uedo has * lover limiting va'.oclty or 
1-! cn/ywir but offers leas ros Island ot higher 
speeds. RoslBtanca to dclnnlnatlon Includes a 
constant term Iron th* buoyant cncsrsl downwarp, 
plus o velocity-proportional Core rapreaant log 
viscous defansstlw, Houorar, the p rope rr Ion* l- 
I tv ceartnne of the latter term fa onlv veaklo 
dependr-ti •■■n urast and lUhunp-.ere viscuwltlc*. 
Hatching this rosletaciio to loading Haas of 100- 
S<)0 ta ilubs sink Ing 1* n aontls ol 10' 'F. wal- 
otitios of 0.1 to 1.0 co/yoar are ohcaluod. 
Changes in viscosity effect this rats, but cold- 
moda doltmlnat Ion la unstoppable sxcopt at can- 
clnontal margins ar by failure In tho sinking 
slab. The surface expression of dslutnntlon la 
a Leading "outer rise" fallowed by a submarine 
trough with a large negative frao-alr anonaly, 
which finally avoivaa Into a 1-ta plateau. Tf 
crustal vlecatlty and velocity Bt* both low, how- 
ovsr, thara la a Mn tonic crustal upLlft with IM 
trough. Thus tho promt lack of linear supre- 
caatlneRtal. ocoona da a* not prtclade dolanlnatlon 
at up to 4 cm/yr driven by slabs up ta 400 km In 
length. 

J. Gaophya. Fca., Red, Paper 1BD028 


8110 Convection currents 

LABORATORY CONVECTION EXPEE I HENTSi EFFECT OF 
LATERAL COOLING AND GEPERATWH OF INSTABILITIES 
IH THE HORIZONTAL B0UN0ARY LAYERS. 

H.C.Naraf (Laboratolre do Gaaphyalqus *t Gaodyoi' 
miquo inlnrna.Bfltlasot ilO.IInlvarelti F*rla-Sud. 
91403 Disay.Francel.C.Froldovaux.J.L.UTrnt mni 
K.Rabinowiox 

Convacrton exparlrents an carrlad out In a 
tank with two lwotharaal hast ilnkailh* tap plate 
and op* of tha aldsvaUa.Thin altuartoti la ■'«!' 
lar to that of the Earth 1 a auhcontlnancal miatla 
in tha praaance of a neighbouring subducting 
mcaanlt lithoaphmra.BlffarenLUL Intatforemalry 
and acrloacopy ore usad to obaarv* tha thanal 
structure of tha converting FluLB-Tb* . 

cooling fnducaa a Urga roll with aala 
CO ch* cold wall .Thn variation of it* « ldth r " U 
tlv. tB the values of a Vertical and « »««* 
Rayleigh number, has bran dee.raiata.Aa appllc* 
cinq to tho Earth'a upper maatle would predict 
rolls five times wider than high-far large 
o no ugh Rayleigh nnsbara.buundary lifer 
lllln ara obsarvad within tha ‘“J 1 
Intarfororairlc method l« vary ua.fal fwo ta* 
llilng rthar ti-e-iapariMt pt«-« stah-N 
growth Of tha Inducad largo roUt.lhla 8™*^ « 
rapid enough to allow os to prepare the oadatape* 
.I P* l«g» tall* Dt ih. farfh and arpje to 

their action could haw* lad to crarlnaniol braa* 
up. (Coovaetion. nnbeont loan t* l ■ a*P»r Jmanta , aub- 

IBM89 


KSgRESw mil cmc« : 

rSuonSTjofa. Kopkln. Unlvnrally, MUl». 
V 'Z^ Sortie, rhaorf *• 

which Ia Prim ^^l^iaTboundary 

COB lttC4Ut*a in * .. .. 0 9 

fa, are. Our .. to 

spherical gaomntry, steady atata 

.cure, diatrlburion «d «. rIr ^ . 

aoIutUsa «* !■»« 1. apatlillf 

■halls In whleh tta h . WMB tt dpgrea *• 

por iodic in a elngla *9 Lfal range 

Calculation* atetartl^DUto^ ^ fat areal 
. 2 < 1**0, and for w^^^faggare 

varvua^aae heatlni.. . afagle Japor of 

' exaalnsdi .(« ^faraatlw; W) . 

oil* «to4lP« JSre*. *' <*«'?“> 


calls aaparatsA.k, * . 

cwvaetjdn la fM ,L mi) «D*V set 1,00 

i B t.tr«« : M 47» ^ *** n>. l-nw 


lutstfoc.a* 070 I- Jgn ta. l-wlw 

fa s slagle Uyot taretnat^ **tl!**t« 

ol ehe»B caltaUtfana "T^ gf ^ t ,rm* of tb* 
oE eurleem bor iaoni* ^ [MJi amount of 
halt lot*. !Sriati«m.tta 


hear loa*. v, *“' Uy /dHth of clrooUtlo"- Tb* ; 
surface velocity t* .ball faep m*» el ° 

• thickniaa of rt *-'^J°‘J r f (K ?vOlooItl»^ , 


Rllfl Conviction Currents 

A SIMPLE CUIBAL MODEL OF PLATE DYNAMICS 

AHD MANTLE ftWVECTWN 

B.H. HiRcr IGsIsrologlcat Lahnramry, 

California Institute of Terhnnlogy, 

Paandcn*, Ca 4112)1 and R. }, O'Connell 
fnepsrtnonl of Cnolr.gUal Irtrota, Harvard 
Dnlveralty, Cstbrldga, Mans. 02138) 

Cun) ing and thlclcnlng of llthospbsrlc 
plaits with g|i and subdocllon result In 
l«M-»C«l« hatlaenL.nl denalay CCS l ISM * 

landing to drive plats mnilana and cantla 
flow. Us quant I Fy tha driving Forets 
aaanelatvd wlih ih*Bs density eonlraatl to 
ItltielM If they can drive ths observed pills 
not lone. First 2-D nodela era roeputed ii> 
evaluate Lhe elfeeis of assured rhsologle* and 
boundary conditions. Us ara unsbla to obialn 
plats-like beNsylor In vlscnui modsfa with 
L radios -f res boundary conditions. Tba 
plersulaa uniform valocKIsa dlatlnellv* nf 
plats merlon ran bn lopsasd a* boundary 
condllicna snd ih* dynamic consistency of (ha 
ends Is evaluated by doLarelnlnR If lha nil 
fares on each plat* vanish**. If the 
lithosphere has a Newtonian viscous theology, 
lha not fares on any piste Is ■ strong 
function of the effective grid spacing ussd, 
loading to anblguirisa in intorpretartan. 
Incorporating a rtgld-plaallc LLihasphica, 
which frill* si a critical ylsld atcoss, Into 
Ihe niharwlsa viscous modal rsaovea ihesa 
anblgoULoa. Tha oodel ll aiLeadsd to tho 
actual V-D fsphlrlcal) plate gtoretry. Ihe 
observed voloclilsa n| rlgld-plaattc plsleo 
ar* natch*! lo tbs solution of th* vfseeun 
Glokea equal ion at lha I Ithoaphare- 
asthsnaaphsra boundary. Body falcon from tbo 
lalmlcnl ly observed alibi. from lha 
thickening ol the lithosphere obtained Iron 
lha actual llttaoiphsrlc ages, and from the 
differences In structure between continents 
and oceans are Included, Inter I or donalty 
contras!* such as those resulting iron 

upuelllngs frra ■ hoi hot ion bound. rr Isfir 
■ ro assumed Ln occur on a seals snail compared 
lo Plata dlusnalnns and nro nn| Included. Thn 
driving faice* IfaD tha denally contrail* 
within tho plates are calculated and enmpatad 
to rnAladng forces resulting fraa w I irons 
drag c.inji'itod lira the ).Ii gl.<b*l return flow 
anl rrstslsnco to dcfurnullon si cnnvorglng 
hnundorioni the res residual torque Is - 1“E 

Of the driving Inrquc. The density cunt real* 
within the pines thrrscl.fi can roasunsbl, 
account for plalo ontfana. Sndy Fnrce* Iron 
convection In Hi.’ Interior r-iy provide only a 
■rail not force on ihe platen. Al conversing 
huupdirlea ihe IIHinsphnro his a yield »l rras 
of •• li)0 bar at drag at tho baso of the pittas 
Is ■ A bars and irilnia plait o'. I Ion. The n.-t 
driving forces from subduct log slobs and 
(Plllslonol rrslnnncv ar* Ircallred snd 

•WHlMlclY bolnnro. Driving falcrn Iron 

lliliosphorlc Ihldenlng jrr dial i Ibutcd o.nr 
Ihe arna* of Ihe pl.ites, is is vlac-.uS drag. 
Hit jpproaiojlo hilnnco of those tur- fnr<*a« 
prrdlcm plalo vrlo'lllos uncorrel Mod with 
Male ar>a. « obaerv, d. The r,s|el reprr'cnia 
1 apoclflc Ciina .if boun.lart leer tiwo't I lot! 
lhe .Ivnanli-sl traulla are cnnalsienl with 

either upper r.ini le »r maile wide coovowtica. 
Ihinllo fonwet Ion, pl.,to toctrnl'a, pine 
dr I vine rcch.intni . 

I i.C-.fh, *■ •( . F.cl. p u-,r lv.Jlf.li 


SlID Fluto tsclonlrn 

DOUBLE 5EISNIC 2«C BENE.'- Hi THE MAPlA'IAi 1 SI AUD 
ARE 

lltne P. Sibidtl and faitald V. Fursylli 
fls.v'3Ttran.t ol Gsulugical Sclitcvi , Broun 
nnlvwrstrv, Provldancu. pi D2412I 
A doublo icna of salimlclly ho* burn foioid 
biHilh (he nurihwrn H» |nq*i in lhe Jwpth range 
SO lo 120 >Ja. The Benlufl rune indarguae a pro- 
nooictd bind, with radius of curvature about 2D0 
ta, bsforn straightening and descending nearly 
vertical f v to s dopth ul t>'r« lh ui 4M Rm. Thu*. 

I .In 1, an idwil «tu.i ii, wi.l. r. >• :c..|.l, lor 
svldanto ol atrratai sssuctuuJ will, mb waling of 
the subducted ocaanlc plats. W» rulocatad all 
MLesolamlc avanca from i«61 threugh 1975 uilng 
a regional, cacpoalts cigior-ovenr rachnlqim, 
which significantly decreased tho scatter of che 
bypocontsr*. The throe avvnis of tha low at 
■ wlsaLc. funa ire aopacacad fcou tha upper line hr 
About 30 ro 35 ta. Tha true th! (knits of Ihe 
uppir ralrslc IM* Is probably 2D ka or loss. 

The limited focal eschar. Iso dau Indlcateo ihou 
if dovudLp tension in th* louwr <uno and dour dip 
compression In ths upper rona. Tha selaalclly 
pat lores could be generated allhsr hr th.roil 
■trossea or by usbwndlng a plalo which was ori- 
ginally daforaad an* La* tl colly. Ua ahe-u Lhoi 
gn alutlc-parfaetly plastic rafal or the ibsal-ige 
of the plata caa account for the separation of tha 
two astamlc lores, the focal radian lies, and tho 


ircaioc activity of the upper sa lisle rona. 


LcOphy * . Pol. , RfJ. Fspor 18P372 


8150 Plats cecconlcs 
VISCOELASTIC KDUFASE TECT07ICS 

S.R. DlCtaan (Dipt, of Coologlaol Selene**, SIW, 
Blnghacron, 11.1. 11405 1 nni t- WIH™ 

Th* theory ol uacLran* tsctCDlcB proposed 1, 
TuTcoice and Oiburgh [14731 to esplaln Intraplot* 
tana tonal feature! and earthquakes, and duLilcped 
by Tut cot to 11974] fer an elastic llthoapVorlc 
cfi.he.ni,, i. ea traded to thw case of a viscoelas- 
tic llthoaphore. Such an extension cay tu *«- 
ptetad to aerlouBly acidify ths theory slnca, for 
all lithospheric vlscosftlaa sycepE the '.ary 
blghasr, thw tic* seal a for viscous relaxation I* 
coops coble to ths lire scale lor changes in plate 
curvature. It is found that for awat vlaccfltle* 
conaldorud, tho cenbrone aLrostea guoacatad b; 
ebangai in plain curvaturo da not vXccad '-10' 
hare. Vo conclude that aithst rho effwcclwa vis- 
cosity of th* llthMphwTO la Bwh hLgher thn 
indicated by tail studies, or wmbrane tudcrol-' 
at i tale v play ■ aecorlilnrv role In the gam ratios 
of Intrap lata fsatureB snd ustthquakaa. Ilnrrj- 
plate exLOnalbB, Intraplote eauhiuakca, lltht- 
■phtrlc wiicosllyj. 

CAophya. Rea- Litt., Papor ILOQW 


8110 atnieturq of tha llthosphota. 

BJADfENT GUU.TB0 IH 7HI VS5TR8 hSLMnlG QCEMfl 
ll. A SYNTHESIS OF CON3TRCCTTOI PROCE88B8 AT 
TIE GUTACZDU3 BIKE UIB. 

H. F. J. F lower (Hop* 1 ■* **•■■ ■ Uatv ' tl 

Illinois, Lh Is ■ go, H. »b») P. T. RobtaBM 
Otocbtalrel sod gaophya leal studios of 
basaltic cotes obtained frra WDf SItaa BIT and 
41B (H. Atlantia) show that (CraiacMua) oruyilwa 
crust was graorawd at a IliUi slow spread ing 
■xLs similar to tha present Mid-Atlantic 
ictarpratatlso oT whole-took sad glare chemical 
vat 1st Loa In asapUd U»a« auuaat that magms 
fraalfouiita ocenrtad In tenpually and 


T- * — 

spatially tronalMt aioraga rmeanfmlie ec various 
dopth*. bar vera lh* son* of nagna aagragacEai and 


— » - • - a. 

thi rliia tint. U U w»««d EUt atU 

■rear* lion i Irattiunation and inapt fan eomprli* 

■ Jingle apfaodaa nf activity inrelwing rapid 
reward pro pout Iso of fracturu. Brnptlvm 
relao Are are remrdsd by almigyppMe Hquanee* 
of tone Iguana, sMtlrte-8«Hlt, ^"‘i ' 

■spiraled by bt see las, aadlmint, and/or aXUrae 
alteration anoag B«titlV* cf loogibly quletcant 
ip lam U. Thra* ndi opltadw us neogAkred 
ar alto *17 (36* matora of b»M-aot). wharru 
■ana an recotdad W 41 BA (ta 540 maters) - 
nttaroa uf dowohol* chugs' m magnetic, incll- 
' aatlou'ebd peltrltKa indicate that Itecatlva 

huriil of auoaeaalTa 1*« apiaodsm ocunrq 
craoraltanUy .with; (natal apraading rrralka 
uta, from tb«i oka »rva Liras it in predicud 
that fT up tin pcaeaiq, efuat la lahrlcatm* and 
rtli abem InarsaaUt complenUj ol lltho logic 

cHraioal aod m^tic’eharaoceT with daptli. 


Btudlk* ol «*«R dtattibutioo tod Inbonroty 
rerereraraM of core ptyataal gropwti*. JtaMcota 


• prefaraotial aoPM of water tlreufatlra which 
4 teres re witli dgptb. PsrantklUiy of tha lew* 
Wla la largely oravtaU.* by tb* djcuptln 


-''iT'i I'tr.J.'iurw ..r th- l iih- -.j 
v'.'VI he-'a '£ Mb 1 - -.rs.1 LOi >.P iUArfkP '.'f.'IM I 
r.nTOAiA ; icnv.1 in thk >kh.m> r? u 
«r<rl ! f.N.r 'l- ,, t’ 1 PLvVT i.Al'TIH THF.:i 'Him 

i'ir.>l . i r,: %r. f iT ■• .. I nh- I If.'tl'.wl, FTlI, 

r >jr i a h :.*li : -riaull. 

.i.«'.>r ' i r.-f.- i P.-ii..! (-i'.lin.* 

.v-.| l*'.|/ u.i.irtt-1 lull*. bru:-:ia a.nnoiai-. 
VILA -r- !•• ,r.fH*>l a . I ia<- '",1 i-r.-vi -'u-. 1/ ", ur-rf i r r. . 

f i - 1 .rt<i -Ti. vq. *i iqr 1 . ! >••••. '>r »» I Mr* Vn-l-r.i 

;n- . til- 1, • it. Ii,"t>a tr,t' »l.« 
iTul'.-p on i i •f • I I »*. >r • ii— --jw-rt -,r >i > 

l*-r.:i. Hi- j earn I > -• iui I- r - -l :•» home )• :> 
|. | r-.'-l »v »• iep-i- t >r«*l r.h- -it vv.> wn, 
f.-n'-i r-<> • l Lh- ura't ji'.t \ *t r r <.- ivrt-jrrun. 
f.hqivi-r r---r.-.. t •.•r>'>l--r-wr« , •ft'ri ■ St-’*'! 

Ar* r .Ll.- ii. 

I . i.(»|.hj > . Pfj,, Pt-il. I'ji cr 1R012J 


8(70 StTMtuze Of tho Uthaiphore 
CRUSTAL CnlESIS IN ICELAND! GEOPHYSICAL UK- 
STM I NT 9 Otl CTU&TAL IHIOCEHIKG WITH ACE 
John F. Ilrnaaca Uwpartnnt of Gnological 
Sciences, Briwn Unlverelty, Piovlilji.ee, pj 02912) 
Coophyaleal csporiccsts In Iceland and adja- 
cent ureas Buggost that crual.il th l timing due 
to undscplaclng provldo" a sign ff leant conttd- 
t.'itlon to tho (actObU davelopoont of the Ireland 
Ulticsau and poihupa of lha Iceland-Foaroe Pldlto, 
aa well, Tha Interpretation of recent (ugnstn- 
lollurlc and sslamlc ref rail Inn exparlawala 
wqqnt* a udtl In which mint Lu-dsi load celt 
accusulacae In a ililn layer (T'i km) at toe base 
of tha Ecuat beneath tha neawni conic Bone. Ua 
euggaat (bat. with lima, this melt coo 1 b, ool I- 
dllloa, nod icctotcn to Ihe hntu nl thw crust 
leading lo ctuitai thickening. Satanic expo ri- 
ce ntn Ind teat o on Increase in thlekne** of thw 
Icslondlc cruit fieri 8-ID km dlruetlv bonsaili thw 
DMVwlinilc a .-.no to an average value of 2D bn f>,r 
the Hcncr.iilv elder YM0 my) lowland (latNu. 

Tha much wldar lew l end -Far too Wldgu liaa a tuitnl 
thlcbnswa nl ID kn. Su(tre,atf>.fi "1 rn.itrrl.il Iron 
a s 1 gn I f leant soLure of it.o rjntle und the con* 
tliuiOkl ■lwWel.‘i|iZ4M1t of I I t crust , ;irlaJTl1y .In. 1 r-< 
uiiloTi'l.il lug, u*v r* Diet well bc-ymd tin- 
hlwkllltio ”t Wt(q,v MnllnMALlClO ui wlconlc 
.I'tlvlt,, UI.| Iluit il gvn-Jlii I'-iy I • nt Inu- h,>- 
ni'ncli r,-Kl.<iH j > old j-> ID ov .it itir <uif.ic,.. 
lln >■• ti.'inlta tic ua^dllhlv will, i (ihlt r.id. I 
of lu. nit ill.. ii|iliri. 

!.<•. lihwi. W.w. lull.. I' nar II.DIDii 
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DFEP tLPCTHILAI. SlKLCIllVI UF IMF- f-IU 1 iRADll 
PI Alt’ All AS IikHFmilkD FH9I HVIlETOTILU'MC 
HEASUNKlENIi 

I- Pudoraon (I 'n I c-n till Ci.=?*nv, P. 0. Box It, 
Bred, CA 92421) I. F. HetatncO 

H.tgnotoivll'jilc Bc.iaijrer.cntB on the Colnr-id'*. 

PUtuau near Fbtmlngtnn, How RMlcu thuatletllii 

tho l-tuvIiki 1 -i> cmoutlng of cniiiluct ivw aurtl- 
clal Ho-llconia indurloln by * a-ro realatlvo 
■.■ryut illliLV ccuvl .('Am tn iitmit 29 IllJCoti-rii. 
Beneath thlj »cnu 11 k aver.igv trii«il»Uy l« 
■■nur.iluiiuly low f lu- 15 vhn-n) .f.vn [ >J Jt li'.vif 
110 bilir-otcn. '.Imr Mini: •■wiilvnie 
c-ilu i a eluvial thicken*- •'! qiproxln iiel/ 
v<> k llneclola (or Itw lnlur1..i .if th,- Fljtcsn. 
thuno rcnulti iuSjcvI that the transition inn 
the taslatlvo upper rrvil to Cora uuUalvc 
amt Id natotlol ociuts wltlilr, ;1 lower rri:it-il 
layer. The w.il'iu* Inf upper aontln rrsivll-.lt a 
aoggeul that the l-ull resistivity nf ihe rant!.* 
I* balng lnlluiiio-d bv ihe prn-en- u ,-P a -rail 
deacxu <jt tattl-vl -celt (■ *-->* vuternt fc - - wl-i-nt. 
Teopnrolure salir.otuw 0'vi'il.nol wuh thu 
.ill vaDlw Ic4litli(ty vorlJll.ji-i I lu vltlilci the 
range- ..( 1 )l«3-17Dij l c ot '.U km depth .ip.| yield 
A geothermal 41 nlL-ot In Iho iiiqn ubiW 

i-VV/km or lore. 

F. iluophti. Pat., hcd. Poprc null] 1. 10 
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SElamrECTC-NICG Ol NDkTMFAGTtF.N UNIZEP 5l»Iti A-V^ 
ADD ACE HI CANADA 

i. trot, (Lam.At • 0-ahncty ■*-• or t to! i*‘-t«t .it or t 
(tnl Ciepartujr.i .jt ■.ewlvgxil i. ien:»i. '.il.ci.-i a 
I'nlveriLtV, Falisadat, New Turk I'll).' Y . 

Agg*rval 

Du a (or local sarthqvawes rocor dwo by a network 
ul station! in northFAitarn United Elate* and 
adjacent Canada were analytsd to stuiv the seis- 
micity, lh* relationship between *arlt.quak(i and 
known fajita, tha state cl ureas, and etustol and 
upper oantle velocity structure. ln addition, 
portable s*t*wgraph* were deployed in ths field 
lu atwiy aftershocks. As » result, accurate 
location! far about 3(4 local aarth quake* 
17 y a. i. H acd 27 focal rwchinir itslutiona were 
deisnslord, A emspanson of the apstial diatrt- 
bjiion of thewa evanta (197Q-1979) with historical 
earthquake* flSlo-1939} reveals that ■•umic 

activity in the north* a* t la relatively atsrionsry 
In apacei thosa areas that have had little ot bo 

ninitiv) historically •» relatively trevseie 
today, whereat tha hL ■ tori cal ly active area! ar* 
also acrlwa toisy. The instrumental location*, 
historical aatsmicity, and focal tidiMin 
solutions show an internal consistency that help 
us diatlnguirb two distinct nliugralc 
prorineas ■ 

the Adirondsek - Ihtatarn Quebec Provinra t A 
northwesterly trending icna of saismlc activity, 

about ZOO ta vide and at laast SOD km fang, 

■ standing Iran lh* 8E Adirondack a lata western 
Qusb*C( Canada. Thrust faulting on planes 
■trilling n» ts Efw appears to pradomlnsta and the 

Inferred axis af siilme horizontal coaprasilan 

Is largely umform and trends WSW, nearly parallel 
ba tha calaulatad ahaaluts plata mat ion af Mac Lb. 
Amarica. Littla mr no laiomictty ia found where 

anorthosite outcrop* at tha surface. Correlations 

bet worn gravity anamal Isa and earthquake luca- 
llmr Siiggast iksi ttissie activity ia this cons 
is local laed ta ragionw af Its up HZ or BU gradient 
in Inguar anneal ins. This sons daas net appear to 
■stsnd sou them ward to Gorton ■■ prapoiad by some 
workara. The Appalachian Frowincr 1 A netth- 
aaaimrly trvndiivz aon* of aa 1 *mic activity 
eat and ing from nottharn Virginia CO Haw Br uniwick. 
Cm Ida. High-argla savstas ar thrust faulting on 
X to BE trending plant* appears to predominate. 
Th* western margin of (his province , hewavar, 
appaara tu ba relatively aialsmsc. Vs attrlbuta 
thi* relative lark of activity lu one m mare at 
lha EollaviagI 1) tha presence of igrtVOus 
activity postdating fining or Africa from North 
Amsrica. 2) (ha occur r anas ol ietaasa Mtamorphlsm 
during the Acadian orogeny which may have annealed 
prs-tatlatini faults, snd 3) tha predominant* al 
ductile a* up pol'd to brittle deformation tn the 
geologic past. The Interred amis nf maximum 
hot Unocal coopt as a ion along ths tasearo margin ot 
tk* Appsiathtan* 11 tfltiir uniform and trends 
V-tfMW, nlsret par paadloular to th* magnetic 
linsebion* offskarr. we evggpAt ihst this If-UNW 
cueprsssipn reffacce ibe gcAvitet ipnal ferae 
arising frra hoiUmnial dsnsiiy variations in the 
actinic lUhesphrrF as U coal* And Mill sway 
frra sptmedimg renter*. :■ HpUenter*, magnitude, 
iutsl mechqnism a ol alien, maximum principal 
It r *■*>.' 

I. (imopliyd > Fas. a Bed. pjjjr IBQllflD 
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MlCDICTIO* DT TUY 1CAL DltFLACUPfflTS In A jg\r\ (he 

OKIBIIB ILUtlC IA|U / 

VilUsaZ. Bangs (ll wt. Caolagtcml Burtay, hi/ 

13408, H.B, IB), Peavar, Co lore ta 8D22A) • / 

: Jtabe idaK* ever aa rsdirgirntf cavity 1* A , , 

■mtaivd fa ■*•«*)*• ih* wltWtt Vy Q M l 

ea leflalcely long elan La layar that rer 1 • ’ 

rigid haaa Ui defers* Ukdsr Its pirn / ' , . .. 




form smthras Is fnai for *f!> iy/T eprflmanlnnr aln in. 

e< tha ground surface and thw? 13 oeoimeniary airuc- 


iag whan tk* layer IhlckjowufqUBnCS 111 1^0 tlBTlCh PrOD- 

^ rtU^tas^rv^fl be seen from the son6- . 
Statfa'i'rre! 4 SJ7 1 km anti .to become more !" 

dsncd trough (■ fp^red to the northwest, suggesting 
iTthJ?®o from a westerly dlreotlon. High- 
rt3^ h f'rl^ ,il0S abiowed that the most recent . 
■u»«t ty^re being folded at the shoreward side,-: ■ 

fieophit^ 1 . • ' 


